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mTRODUCTION 
Modern agriculture owes much of its present success 
to the tremendous increase in the use of agricultural 
chemicals. To the industry as a whole the combined bene-
fits derived from the use of these chemicals far exceed 
any detrimental effects they may produce. Almost every 
segment of the industry, including apiculture, has bene-
fited in some manner from the utilization of various chem-
ical agents. However, probably no other area has at the 
same time experienced more hardship as a direct result of 
this phenomenal increase in the use of pesticides than 
has apiculture. It is indeed unfortunate for the beekeep-
er that he must sustain an unequal burden of these detri-
mental effects while the remainder of the agricultural 
community continues to enjoy the benefits of these pesti-
cides. Therefore, the beekeepers' interest in the effects 
of such cbe.micals on honey bees is entirely justified. 
Considerabler information is available concerning the 
effects of insecticides on honey bees and to a lesser ex-
tent, fungicides. However, American literature concerning 
the effects of herbicides and defoliants on honey bees is 
comparatively meager. Foreign researchers have reported 
rather extensively on the subject but with widespread dis-
agreement. A study of the effects of these weed killers 
l 
on nectar and pollen production in treated plants has for 
the most part been neglected. The present work attempts 
to elucidate the toxicological effects of selected herbi-
cides upon honey bees and also to determine the effects 
2 
of two herbicidal chemicals on nectar secretion in treated 
plants. 
DESCRIPTION OF THE CHEMICALS 
When designing this study, it was deemed desirable to 
limit the investigation to a selected group of herbicides. 
Only those chemicals which are ordinarily used 1n areas of 
possible bee pasture were considered, and this discussion 
will be limited to the herbicides which are listed 1n 
Table 1. 
To acquaint the reader who may not be familiar with 
herbicidal chemicals, a brief description of each of the 
selected materials is presented. 
2 24-D 
At present the most widely used herbicide is 2,4-
dichlorophenoxyacetic acid, commonly referred to as 2,4-D. 
Zimmerman and Hitchcock (1942) were the first to report 
the potent effect of this systemic chemical on plant 
growth. Thus began the era of practical commercial herb-
icides. 
The purified chemical is a white powder with a 
slight phenolic odor. It is practically insoluble 1n 
water and petroleum. oils, but is very soluble in alcohols 
(Martin, 1953). In the presence of water and sodium bi-
carbonate, it is readily converted into the sodium salt 
which is moderately soluble 1n water. The two exclusive 
commercial spray formulations of 2,4-D (namely, amine 
3 
4 
salts and esters) are utilized in this country 1n approxi-
mately equal amounts (Anon., 1959). The following amines 
are presently used in commercial formulations: diethanol-
amine, triethanolamine, triethylamine, dimethylamine, and 
isopropylamine. The following esters are presently used 
1n co.mmercial formulations: methyl, ethyl, isopropyl, n-
butyl, mixed amyl, polyethylene, glycol monoesters, butoxy-
ethanol, and propylene glycol butyl ether (Kelly, 1953). 
The amine salts are completely soluble 1n water, and 
the esters are formulated with a wetting agent which pro-
duces a .milky emulsion when mixed with water. The long-
chain, low-volatile esters are the most active compounds 
of 2,4-D (Kelly, 1953). The amine salts, although not as 
active as the esters, are much less volatile and are there-
fore less hazardous to use, particularly in areas where 
sensitive crop plants are grown. Recently, granular form-
ulations have been introduced for use 1n specialized situ-
ations. Concentrations of commercial preparations are in-
variably designated in terms of 11acid equivalent. 11 uAcid 
equivalentn is defined as the actual amount (usually 1n 
pounds) of the pure active herbicidal substance {in this 
instance, 2,4-D acid) that is present per unit weight or 
volume of the compounded material (Bondarenko, 1960). 
One to three parts per million of 2,4-D stimulates 
plant growth, while 100 ppm is capable of destroying many 
5 
broad-leaved plants. The most obvious symptoms are the 
epinastic responses by the plants. Grasses, however, are 
generally very resistant to 2,4-D treatment (Anon., 1959). 
- - -This chemical is used extensively to control or eliminate 
weed species 1n corn fields, pastures, lawns, utility 
right of ways, roadsides, and scrub-brush areas. 2,4-D is 
the type chemical of a group of herbicides comm.only re-
ferred ·-to as "phenoxy" or "hormone" weedkillers. 
2,4,5-T and 50-50 brush killer 
The chemical 2,4,5-trichlorophenoxyacetic acid, 
commonly referred to as 2,4,5-T, is very similar to 2,4-D 
1n both chemical structure and biological activity. How-
ever, it is generally more effective than 2,4-D upon vari-
ous woody plants. When the two chemicals are combined 1n 
the ratio of 50 - 50 1 a very efficient brush killer is 
formed. Amine and ester formulations of 2,4,5-T are avail-
able. However, as with 2,4-D, the long-chain, low-volatile 
esters are more active than the amine preparations (Martin, 
1953). 
!19!! 
Another very similar chemical is 2 methyl- 4 chloro-
phenoxyacetic acid (MCPA). It is structurally identical 
~ -
to 2,4-D with the exception that a chlorine is replaced by 
a methyl group. It is generally less phytotoxic than 
2,4-D. However, in Europe it is used more extensively 
than 2,4-D. 
4-(2,4-DB) and 4-(MCPB) 
Two chemicals, very similar to 2,4-D and MCPA, have 
recently been introduced into agriculture. This is due 
primarily to the tolerance of these chemicals that vari-
ous legumes have de.monstrated. These chemicals have the 
"acetic acid" portion of the 2,4~D and MCPA molecule re-
placed by "butyric acid", forming respectively 4-(2,4-
dichlorophenoxy) butyric acid and 4-(2 methyl, 4-chloro-
phenoxy) butyric acid. These chemicals are co:rmnonly re-
-
6 
ferred to as 4-(2,4-DB) and 4-(MCPB). Alfalfa, red clover, 
- -birdsfoot trefoil, and others are extremely susceptible to 
the ordinary phenoxyacetic compounds. However, applica-
tions of these phenoxybutyric acid herbicides have demon-
strated but little effect on the legumes while at the 
same time controlling certain weed species (Wain, 1955; 
and Deakins and Ormrod, 1956). Dowler and Willard (1960) 
-
conclude 4-(2,4-DB) to be the more promising of the two 
- .. 
with respect to co:rmnercial applications. 
Amit role 
Hall et al. (1954) described chlorosis of new growth 
.. -
areas as a typical symptom of 3-amino-1,2,4-triazole 
(amitrole) injury to cotton plants. Amitrole affects 
7 
many other plants in the same way and is especially effect-
ive on Canada thistle. This chemical is entirely differ-
ent from 2.,4-D in che.mical structure and biological acti-
vity. It is a white powder and is very soluble in water. 
Upon application to the foliage it is rapidly absorbed and 
translocated to all parts of the plant including the roots 
(Bondarenko., 1960). Lethal dosages usually require several 
.. 
weeks for mortality. Plants may sometimes recover from 
sublethal dosages., and chlorotic areas .may regain chloro-
phyll and continue to grow. At present it is approved for 
use only in post-harvest treatment of cranberries., pre-
planting treatments in corn., under apple and pear trees., 
and in some areas of general crop land (Anon • ., 1961 b). 
~ 
The only chemical listed in Table l which is consi-
dered wholly as a contact herbicide is 4.,6-dinitro £ 
secondary butyl phenol (DNBP). At present., this dark red-
- - -
dish brown liquid is the most extensively used compound 
of the "dinitro 11 herbicides. Commercial preparations are 
usually formulated as water-soluble alkanolamine salts 
(Bondarenko and Willard., 1958). DNBP is a potent insecti-
- -
cide., but because of its extreme phytotoxicity its use as 
an insecticide is limited to dormant or delayed dormant 
sprays on fruit trees (Martin., 1953). As a herbicide., 
8 
DNBP is effective in pre-emergence or early post-emergence 
treatments in corn, oats, and soybeans (Bondarenko, 1960). 
As an aid in seed production, DNBP is applied to clover 
fields just prior to threshing (Palmer-Jones and Forster, 
1958). DNBP, in contrast to the slower acting systemic 
herbicides, causes plants to wither within several hours 
after application and is, therefore, an excellent de-
foliant. 
TOA 
Trichloroacetic acid, or TCA, has long been used as a 
protein precipitant, but only since 1947 has it been used 
as a herbicide, primarily a grass killer. The commercial 
formulation which is very soluble in water consists of 
90 percent of the sodium salt of TOA. TCA is a strong 
acid and is very corrosive to the skin (Martin, 1953). It 
affords very effective control of annual grasses and sev-
eral perennial grasses, acting both as a contact and as a 
systemic herbicide. Foliar applications are somewhat ef-
fective, but soil treatments are much more efficient 
(Bondarenko and Willard, 1958). 
Dal.a12op. 
An.other chemical used primarily on grasses is 2,2-
dichloropropionic acid. The commercial formulation con-
sists of the sodium salt, commonly referred to as dalapon. 
Like TCA, it acts both as a contact and as a systemic 
herbicide, resulting 1n very similar toxic symptoms (Wil-
kinson, 1956). However, unlike TCA, dalapon is more ef-
fective in controlling grasses when applied as a foliar 
spray rather than by soil treatment (Bondarenko and Wil-
lard, 1958). A mixture of amitrole and dalapon is very 
effective as a temporary soil sterilant, and little haz-
ard is involved to nearby desirable plants if direct con-
tact with these plants is avoided (Bondarenko, 1960). 
9 
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propylene gl:,col al-laatne daetllJ'laaine daeth:,l- 3-Ulino-1,2,,4- alka.nolUline 
but:rl ether ealta ult ult tr1azole 1alta 
eatere 
3 quarto • qt. or 2,--D + 
2 qt. or 2,4,5-'1' 
2 quarts 3 quarto 3 quarts 8 pound• 6 quarta 
3 Pound• 2 p<>und,I or 2,,-D + 
2 poundll or 2,-,5-T 
ii! Pound• l.5 p<>unda l.5 pounde • p<>undl ,.5 Pound• 
3595 2397 PPII of 2,--D 2397 1798 1798 -793 5393 
2397 Pfm or 2,,,5-T 
~ total 
Table l. Description ot herbicides used 1n these studies. 
TCA 
tr1cbloroacet1c 
acid 
Sod11a TCA 
Dow Chellical Co • 
Midland., Mich. 
a<>dium eal t 
15 Pound• 
12.- p<>unda 
1•,860 
dalap<>n 
2,2-dichloro-
prop1on1.c acid. 
.oowpon 
Dow Chemical co. 
Midland, Mich. 
1od..1um aalt 
15 pounds 
ll .l p<>unda 
13,302 
....... 
0 
ELIMINATION OF FORAGE PLANTS 
The age-old struggle against weeds costs this country 
about $4 billion each year (Bondarenko, 1960). Prior to 
" 
World War II man 1s weapons 1n this conflict consisted ba-
sically of only mod1fioat1ons of methods t.\Ild equipment 
which were utilized at the dawn ot' human history. These 
operations, although becoming progressively more efficient, 
have in recent years become very costly due to increased 
expense of labor and equipment. Therefore, the recently 
introduced, highly efficient herbicidal chemicals have 
found a large and receptive market 1n modern agriculture. 
Bondarenko (1960) states that because of weeds there 
is an average loss of two bushels of corn per acre in 
even the best of cultivated fields. He estimates that 25 
percent of the corn acreage in Ohio is now being treated 
with herbicides. This results in increased yields and 
simultaneously provides considerable savings in farm 
labor. 
The Ohio Department of Highways reports a savings of 
$18.45 per mile per season in maintenance costs when road-
sides are sprayed with herbicides as compared to those 
that are not sprayed (Zukel and Eddy, 1958). 
Arend and Roe (1961) advocate the mass spraying with 
herbicides of large acreages of brush and low-value hard-
ll 
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woods in order to release the more valuable conifers from 
this worthless competing vegetation. They recommend ground 
and aerial applications of 2,4-D and 2,4,5-T for this op-
eration. This results in considerable savings when com-
pared to f:ormer methods using hand tools. 
Numerous other instances could be cited which demon-
strate comparable situations. As a result more herbicides 
are being used each year. In 1957 an estimated $35 mil-
,, 
lion was spent for herbicides (Eckert, 1960). Production 
of 2,4-D alone totaled almost 31 million pounds in 1958 
(Anon., 1959). According to the National Agricultural 
' Chemicals Association, herbicide sales were up 7 percent 
in 1960 over those 1n 1959 and this trend will continue 
indefinitely (Anon., 1961 a). 
' 
Unfortunately for the beekeeper, many plants which 
offer essential sources of nectar and pollen are consi-
dered 11weeds 11 by those 1n other phases of agriculture. 
These honey and pollen plants become the targets of herb-
icidal sprays and in many areas they are completely elimi-
nated. Patterson {1956) reporting from New Zealand indi-
cates a reduction in the following forage plants as a 
result of hormo.ne sprays: dandelion (Taraxacum. offto:tnale), 
' ' -
pussy willow (Salix .£&,I:?re~), straight willow (Salix frasi-
- -lis), buttercups (Ranunculus spp.), blackberry (Rubus spp.), 
thistles (Oirsium spp.), and catsear (Hypocha~ris 
radicata) • 
. , 
This is not an isolated instance. In 1960 a single 
pre-emergence application of 2-chloro-4,6-bis (ethylam1no)-
- . 
.!!-triaz1ne, commonly called simizine, to corn plots at the 
Ohio Agricultural Experiment Station gave nearly complete 
control of all broad-leaved weeds and several apecies of 
annual grasses for the entire season. Under normal culti-
vation, these plots would have contained a large amount of 
smartweed (Polygonum persicar~a) and other comm.on weed 
. 
species by mid-August. 
Sprays containing 2,4-D have almost entirely elimi-
nated dandelions from certain areas of the campus at the 
Experiment Station (Fig. 1). 
A normal maintenance area of ten feet on each side of 
the pavement provides 2! acres of roadside right of way 
per mile of highway {Zuk.el and Eddy, 1958). Much of this 
- -land naturally supports excellent forage plants, chiefly 
legumes. However, annual applications of hormone sprays 
in many of these areas have eliminated another valuable 
nectar and pollen source. The author, while driving 
along the New York State Thruway 1n 1959,observed many 
miles of roadside right of way which had been seeded .to 
als1ke clover (Trifolium hybridum). For reasons not 
... 
apparent, the entire area had been treated with a 
Fig. l. (top) Dandelions on a portion of the campus of 
the Ohio Agriculture Bxperiment Station, Wooster, Ohio. 
(bottom) Same area after an application of 2,4-D. 
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herbicide during the full bloo.m period, and the plush 
growth of clover was transformed into a virtual desert. 
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Massive spraying programs, particularly those utili-
zing aerial applications over vast acreages of scrub brush, 
as suggested by Arend and Roe (1961), cannot avoid the 
elimination or stunting of many honey and pollen plants. 
Many hardwoods are very valuable sources of pollen, par-
ticularly 1n the spring months when other pollen sources 
are not available. 
Elimination of nectar and pollen producing plants 
may, in fact, be the most important effect that herbicides 
exercise on ho.nay bees. Elimination of forage curtails 
honey production not only directly but also indirectly by 
removal of valuable plant species during critical periods 
of colony build-up. For instance, dandelions bloom early 
in the spring 1n Ohio at a time when honey and pollen 
stores from the previous year are nearly depleted. A 
good dandelion bloom is almost essential to the survival 
of many colonies at this period of the year, when usually 
there is no other available source of nectar and pollen. 
Elimination of dandelions as shown 1n Figure l can very 
definitely result in a corresponding reduction of bees 1n 
an area. 
Honey bees, since they are colonial and usually have 
available some amount of surplus honey, may be able to 
16 
withstand infrequent periods of food shortage during colony 
build-up. However, :many species of wild solitary bees, 
whose daily requirements must be supplied by a definite 
succession of' pollen and nectar plants, may beco.me com-
pletely eliminated during critical periods such as those 
caused by the eradication of' a certain plant species. If' 
these bees are eliminated, so are their pollination bene-
fits; then honey bees become more important than ever to 
an agricultural economy which by its methods seems bent on 
their destruction. 
Economically speaking, the two or ten extra bushels 
of corn per acre that may be realized by herbicidal appli-
cation 1s certainly or more value than the honey that may 
be produced fro.m that field were it allowed to become 
weedy. Similarly, the savings in roadside maintenance is 
probal:il.y.of greater value than any resulting honey from 
those areas. If a solution is to be presented to the prob-
lem between beekeeper and farmer or highway department, it 
certainly is not "weedy com fields" and 11brushy roadsides." 
The Belgian Minister of' Public Works has issued in-
structions that wherever possible, nectar producing trees 
and shrubs should be planted along public roads 1n an 
attempt to offset the reduction of' bee forage due to the 
use of weed killers. He suggests the use of' sycamore, 
false acacia, willows, poplars, and lindens (Burch, 1956). 
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Morrison (1957) lists similar plants for roadside plantings 
.. 
in New Jersey. These plants and any of several other spe-
. 
cies of legumes would not only help to beautify the road-
sides, but would also offer an aid 1n controlling erosion 
in many areas. The National Highway Program provides for 
41,000 miles of interstate highway to be built on 300 foot 
right of ways. This will place over one million acres a; 
long'the pavement which cnuld easily be planted with the 
above-mentioned honey plants. Other areas, such as nature 
reserves, city parks and gardens, railway banks, fence rows, 
and banks of waterways, also offer considerable acreage 
which could be developed into excellent bee pasture. 
The public in general and agriculture in particular 
receive many benefits from the pollination service ren-
dered by honey bees. Beekeepers, therefore, feel justi-
fied in requesting that new nectar sources be planted 
where applicable to replace those lost by increased 
herbicidal applications. 
EFFECT OF HERBICIDAL APPLICATIONS ON HONEY BEE FORAGING 
ACTIVITY 
Review of Literature 
Palmer-Jones and Forster {1958) observed that DNBP 
and DNC when applied to clover in New Zealand weee very 
repellent to bees. However, 1n spite of the strong smell 
of the chemicals, bees continued to visit odd unsprayed 
blossoms even when these were surrounded by acres of 
sprayed pasture. The sprayed blosso.m.s were withered and 
unattractive to bees within two hours (Jones and Edwards, 
1952; Palmer-Jones and Forster, 1958). 
Pankiw (1961) mentioned that bees usually ceased for-
aging on wild mustard (Brassies sp.) about three hours 
after spraying with 2,4-D. Other honey plants such as 
alfalfa and sweetclover under similar treatment soon 
"ceased to be a source of nectar." 
No other information has been found concerning the 
effects of herbicide applications on foraging activity. 
Investigations o.n the Effects of Herbicidal Applications 
~ on Foragrng Act1v1tz 
In mid-July, 1958, the author observed several milk-
. . 
weed plants (AscleE1as syr1aca), which approximately three 
weeks before had received a routine application of ami-
trole. These plants when sprayed possessed many young 
flower buds, none of which were open. During the ensuing 
18 
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three weeks the plants had continued to develop, and by 
the middle of July they were in full bloom. The entire 
upper portion of these sprayed plants was devoid of any 
obvious amount of chlorophyll. The blossoms, however, ap-
peared normal. As a beekeeper, the author was interested 
to find honey bees actively foraging on these plants which 
so clearly displayed the typical symptoms associated with 
amitrole injury. The question was immediately presented, 
Are these bees obtaining any detrimental products from the 
sprayed plants? It was only then that the author became 
convinced that herbicides presented a potential problem to 
apiculture, a problem that demanded more information than 
the available literature provided. 
Dr. w. E. Dunham of the Department of Zoology and 
Entomology, Ohio State University, and Professor Charles 
A. Reese, Extension Apiculturist, Ohio State University, 
had previously suggested this problem as a suitable doctor-
al research program. Following observation of the afore-
me.ntioned event, the economic significance and the possible 
magnitude of such a study became very apparent. 
The practicality of the entire research program, how-
ever, would rest squarely on the information which seemtng-
ly was justified from this single observation, namely: bees 
continue·to forage on plants which have received an appli-
cation of a herbicide. Rather than accept such an 
20 
important conclusion based on a single observation, a 
series of controlled experiments was designed which would 
adequately test the veracity of the above hypothesis. 
Methods. - Ten chemicals which are frequently used in 
areas of possible bee pasture were selected for application 
on 25-square-feet plots of white sweetclover (Melilotus 
alba), a combined stand of Lad1no clover (Trifolium rel?!ns) 
and alsike clover (Trifolium h1bri~), smartweed (Poly-
sonU!Jl~ 2ersicaria), and common 11illcweed (Asclepias szri!c.a). 
Untreated plots of equal size served as checks 1n all ex-
periments, and all treatments were designed 1n random 
blocks. Replications were proportional to the amounts of 
flowering plants available. sweetclover was replicated 
six times; Lad1no-als1k:e, seven; smartweed, three; and 
millcweed, two. 
The ten commercial formulations were applied with a 
three-gallon hand sprayer at rates recommended for commer-
cial weed control in areas of potential bee pasture (Table 
l). In order to effect a severe test, the materials were 
applied to the point of run-off. All the chemicals list-
ed 1n Table l were applied to the Ladino-alsike plots and 
the sm.artweed plots. However, only the 2,4-D; 4-(2,4-DB); 
2,4,5-T; amitrole; and dalapon formulations were applied 
to the sweetclover and milkweed plots. 
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These sprayed plots were observed periodically until 
most of the plants were completely withered. Each plot 
was examined for a period of one minute and the number of 
foraging bees was recorded. Bees merely flying over the 
plot were not considered as foragers. Actual contact with 
the flower was essential. 
For each observation period the total number of bees 
observed on the check plots established the standard for 
100 percent bee activity. The ratio of the total number 
of bees observed on all plots of any given treatment and 
the total observed on the check for the same observation 
period determined the percent of bee activity for the 
given treatment. This method provided the basis for the 
graphical presentation of the data obtained 1n this par-
ticular series of investigations (Figures 2-12). 
In an effort to determine whether these chemicals 
possessed any itmnediate repellency properties, data were 
collected one hour after spraying from all plots except 
millcweed (Figure 2). These same data appear in Figures 
3-12 as observations collected on zero days after treat-
ment. 
Results. - Data obtained one hour after spraying 
(Figure 2) indicate that none of the herbicides were 
completely repellent to foraging honey bees. On the 
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HERBICIDES 
Fig. 2. Repellency effects on foraging activity of 
honey bees as demonstrated by various herbicidal 
formulations. Data were obtained one hour after 
spraying. Particular formulations and rates of 
application are listed in Table l. All materials 
were applied to point of run-off. Wooster, Ohio. 
July- Sept., 1958. 
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P1g. 6. Bf'teota or alkanola111ne salta of' MOP.A. (2 pounds 
ot MOPA. ac1d equivalent 1n 100 gal. or water appl1ed to 
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point of run-off) on honey bee foraging activity. 
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contrary, nearly all the formulations demonstrated, at 
most, only a very low degree of repellent action •• DNBP 
and possibly TOA were the only exceptions, and bee acti-
vity in these plots approximated half that of the check 
plots. 
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Applications of herbicides as indicated by the data 
in Figures 3-12 do eventually result in decreased foraging 
activity. However, the severity of this reduction varies 
with the chemical and the plant species. 
The phenoxyacetic compounds produced very similar 
effects (Figures 3, 4, 5, and 6). Foraging activity in 
-
all plots was drastically reduced after one day. It was 
completely eliminated by the second day in all except the 
smartweed plots. 3martweed experienced a slight but sig-
nificant revival in foraging activity between the second 
and tenth days. 
Smartweed is considered moderately susceptible to 
2,4-D and related compounds (Williams et.!!•, 1960), but 
in this series of experiments a few flowers remained suf-
ficiently attractive to permit a limited amount of forag-
ing activity up to ten days after spraying. 
A unique situation was observed on the smartweed plots 
which were sprayed with 50-50 brush killer. Foraging 
ceased after the first day and remained totally inactive 
through the seventh day. Then, however, a two-day period 
of slight reactivation occurred. All activity ceased 
completely by the tenth day. 
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The Ladino and alsike plots which were sprayed with 
the phenoxybutyric compounds (Figures 7 and 8) remained 
somewhat attractive to bees throughout the period of ob-
servation. However, activity on the sweetclover plots 
sprayed with 4-(2,4-DB) was reduced drastically and elimi-
nated by the third day. smartweed was considerably less 
affected by 4-(MCPB) than by 4-(2,4-DB), and the 4-(MCPB) 
plots exhibited foraging activity similar to that on the 
check as late as the seventh day after application. 
Altlitrole (Figure 9) affected. foraging activity the 
least of any of the materials with the possible exception 
of 4-(MCPB). Activity was not reduced drastically during 
the first few days after spraying, but eventually activity 
ceased in all sprayed plots. Smartweed recorded some acti-
vity up to the 21st day after application. 
DNBP applications completely eliminated all foraging 
activity by the first day on smartweed and by the second 
day on alsike and Ladino clover (Figure 10). 
TCA (Figure ll) and dalapon (Figure 12) exhibited 
common characteristics as regards reduction of foraging 
activity. Dalapon, however, generally was slightly more 
phytotoxic, and therefore foraging activity was eliminated 
more quickly in the dalapon plots than in those sprayed 
with TCA. 
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Discussion. - It is concluded from these data that 
either DNBP is moderately repellent to foraging honey bees, 
or its extremely potent phytotoxic properties soon render 
any contacted blossoms unattractive to bees. TCA is some-
what less than moderately repellent, while the other chem-
icals are, for all practical purposes, non-repellent. 
The observed effects of DNBP varied somewhat from the 
almost complete elimination of foraging activity as re-
ported by Palmer-Jones and Forster (1958). However, since 
the relatively slight degree of variation is primarily a 
function of time, the difference can probably be explained 
by diversity of weather conditions at time of application. 
Higher temperatures result in greater volatility of DNBP 
and also in a more rapid phytotoxic action. 
Tije relatively low (55 percent) activity on the 2,4-D-
sprayed alsike and Ladino plots (Figure 2) is of doubtful 
significance. The other plants sprayed with 2,4-D did not 
indicate any repellency. The alsike and Ladino clover 
plots that were sprayed with 50-50 brush killer demonstrat-
ed an amount of bee activity very similar to the check. 
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The brush killer contained actually more 2,4-D acid equiv-
alent than did the original 2,4-D spray under considera-
tion. 
The complete cessation by the second day of foraging 
activity on the clover and milkweed plots which were 
sprayed with 2,4-D and related chemicals substantiates 
the report of Pankiw (1961). 
However, the important conclusion fro.m these data is 
not that herbicides tend to decrease the foraging activity 
of honey bees on sprayed plants; it is rather that honey 
bees continue to forage on plants that have been sprayed 
with systemic herbicides, even if this activity may be at 
a reduced rate. As mentioned previously, these tests were 
designed to be severe. It is entirely probable that re-
duced rates of application would have allowed more bee 
activity for longer periods on most of the plots. The 
data, however, justify the acceptance of the hypothesis 
that bees do continue to forage on plants that have re-
ceived an application of a herbicide. 
3everal important questions pertaining to toxicity, 
residues, and translocation may now be proposed, to be 
dealt with in the succeeding sections. 
TOXICITY OF l!E:RBICIDES 
Review of Literature 
With Regard to Vertebrates 
The Federal Insecticide, Fungicide, and Rodenticide 
Act of 1947 defines a chemical as 11highly toxic" if it is 
sufficiently toxic to produce death of half the test ani-
mals (rats, mice, or rabbits) by any of the following 
three methods of application: 
1. By a single oral dose of 50 milligrams or less of 
pesticide per kilogram of body weight of the animal. 
2. By a single dose of 200 milligrams or less per 
kilogram maintained in contact with the skin of rabbits 
for 24 hours. 
3. By inhalation for one hour at a concentration of 
200 parts or less per million by volume. 
Interpretation 18 of the above Act further defines 
three categories of lesser toxicity. Category 2 includes 
pesticide formulations whose LD50 values are up to ten 
times greater than those in category 1, and category 3 
includes those whose LD50 values are up to 10 times 
greater than those 1n category 2, or 100 times greater 
than those in category 1. Any formulations whose LD5o 
values are greater than those just defined are placed in 
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category 4. Although such materials are low in toxicity, 
they can not be termed 11non-poisonous 11 (Ligon, 1959). 
Upon presentation of' sufficient data a maximum resi-
dual tolerance for each chemical and crop is established. 
The chemicals in category l generally have lower toler-
ances than those 1n category 2, etc. Any known carcinogen 
is assigned a tolerance of' zero. 
Generally speaking, most herbicides are included in 
category 3 with acute oral LD50 values between 500 and 
5000 milligrams per kilogram of' body weight. However, 
there are several notable exceptions, namely, the 
arsenicals and the d1nitros. 
Soluble inorganic arsenicals, which are used as non-
selective weed killers 1n industrial yards and other simi-
lar places are extremely poisonous by oral application, 
but almost non-poisonous by skin contact. The materials 
are used infrequently and are not considered in this re-
port. 
The dinitro compowids, however, are toxic by both 
oral administration and skin cont~ct. Spencer et~· 
(1948) reported 60 mg/kg of' DNBP was fatal when fed to 
rats. Some fish have been reported killed when the con-
centration of' DNBP in water reached 100 ppm (Anon., 1956). 
The dinitro compounds act as metabolic stimulants, and 
death is preceded by rapid pulse and extremely high body 
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temperature. Human fatalities have been limited to occupa-
tional poisoning in Great Britain (Ligon, 1959). 
TOA, as mentioned previously, is a protein precipi-
tant, and in high concentrations it produces effects simi-
lar to those exhibited by strong mineral acids. The sodium 
salt is leas corrosive than the free acid and in dilute 
form both are of relatively low toxicity (Ligon, 1959). 
Dalapon did not injure fish when used to control 
aquatic weeds in Missouri farm ponds (Walker, 1959). 
Amitrole was the chemical involved in the cranberry 
controversy of 1959. Residues of amitrole on cranberries 
at a concentration of 0.1 ppm were sufficient to cause 
many tons of the crop to be declared unfit for human con-
sumption. Public interest concerning the toxicological 
properties of amitrole rose tremendously. It is therefore 
appropriate that a complete report concerning these toxi-
cological properties be included in this paper. Shaffer 
(1960) has presented an excellent summary concerning this 
subject. Rather than paraphrasing or quoting fragments of 
this report, the entire paper will be quoted as follows: 
'I.Amino triazole (AT) is a co.mpound of remark-
ably low acute toxicity to several species of labor-
atory animals. The single oral dose LD50 is at 
least 15 gm/kg for mice, and approximately 25 gm/kg 
for rats. Parenteral dosages have been administered 
to mice, rats, cats, rabbits, and dogs. While some 
phases of the latter work have been limited in scope, 
the results justify a conclusion that the animals 
are not harmed by any dosages of AT that it is 
feasible, from a mechanical standpoint, to adminis-
ter in a single dose. 
uNo gross toxic effects have been noted in any 
species from single sublethal dosages, and only non-
specific effects, such as depression, have been 
associated with lethal dosages. The relatively non-
toxic character which AT exhibits acutely may stem 
in large part from its relative lack of chemical re-
activity. 
:
1Subacutely, AT exhibits a thyroid-inhibitory 
(goitrogenic) activity which in the rat is compar-
able in degree to that of propylthiouracil. Simi-
larly, as with the latter, dogs are considerably 
more resistant to this action of the compound. The 
effects of AT upon the thyroid are readily reversi-
ble upon discontinuance of administratio.n of the 
compound. In fact, when dosage is placed upon an 
alternate-day basis rather than a consecutive-day 
basis, the magnitude of the antithyroid effect is 
substantially reduced. 
:,When AT is incorporated in the diet of rats, 
the animals restrict their rood intake and exhibit 
a concomitant diminution in rate of growth at con-
centrations of 500 ppm and above. If the compound 
is administered intraperitoneally at much higher 
dosages (l gm/kg on alternate days), food intake 
and weight gain are essentially unaffected. This 
circumstance leads to the conclusion that the de-
crease in food intake and weight gain associated 
with the feeding of relatively low concentrations 
of AT is related more to unpalatability than to 
actual toxicity of the compound. However, there is 
some decrease in efficiency of food utilization as 
dietary levels are increased; this would seem logic-
ally related to lowered metabolic activity. 
11 Inasm.uch as thyroid inhibition was the only 
specific toxic action of AT that was discerned sub-
acutely, the chronic feeding studies were designed 
to define the minim.al dosage at which this effect 
would occur in rats and dogs. From microscopic 
study of the thyroid glands of rats that were sacri-
ficed after two years of feeding at dietary levels 
of 10 ppm, 50 ppm, and 100 ppm, respectively, it is 
concluded that the threshold of effect lies at 50 
ppm. 
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"Changes in the thyroid in a number of cases 
had progressed to adenoma formation, and some of 
these tum.ors were diagnosed by certain pathologists 
as carcinomas. 
"In the case of dogs, no effects of AT were ob-
served.as a result of feeding for a period of one 
year at any of the three dosage levels employed. 
The highest dosage was 12.5 mg/kg/day. 
11Whether the tumors observed in the chronic tox-
icity studies in rats can be considered cancers or 
not is largely a matter of definition, terminology, 
or personal opinion on the part of individual path-
ologists. On one point most investigators agree, 
namely, that the basic cause of the tumors produced 
by antithyroid agents is an increased secretion of 
thyroid-stimulating hormone fro.m the animal I s own 
pituitary gland. This increased secretion results 
from the inhibition of thyroid hormone synthesis by 
the antithyroid agent. As a result of decreased syn-
thesis, the circulating level of thyroid hormone in 
the blood is lowered, and the pituitary pours out an 
increased amount of thyroid-stimulating hormone. 
The latter hormone is responsible for the actual en-
largement, growth, and tumor formation in the thy-
roid. 
"There are chemical compounds present naturally 
1n .many foods which can induce the development of 
thyroid tumors. For example, cabbage, turnips, kale 
and soybeans contain compounds which can act in this 
manner. Moreover, rats maintained on a diet low in 
iodine for long periods of time develop thyroid tu-
mors similar to those induced by antithyroid sub-
stances. It is quite likely that administration of 
any compound which interferes with thyroid hormone 
production would, under proper conditions, result in 
thyroid tumor formation. It is also probable that 
the absence of any chemical needed for thyroid hor-
mone synthesis would do the same thing. 
"AT does not occur naturally. It has been used 
experimentally in the treatment of hyperthyroidism 
in humans at a dose of 100 mg daily. In attempting 
to determine the safety to humans of a.small residue 
(l ppm or less) on certain raw agricultural commodi-
ties, it should be proper to take into account 
(1) sixteen years of broad experience with 
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antithyroid compounds 1n human medicine, and (2) the 
fact that such a residue would be only a negligible 
addition to the present universal consumption of 
antithyroid substances. 
11AT is not appreciably irritating to skin and 
eyes of experimental animals, but studies have shown 
that it can be absorbed through skin. Discussion 
will cover the various factors which afford assurance 
that AT is harmless to persons handling and applying 
it under ordinary circumstances of herbicidal use. 
It must be emphasized that no residue tolerances 
have been established for this product. 11 
Of all the herbicidal preparations, the 11hormonal 
group" has received the most attention with regard to 
vertebrate toxicity. This is a direct result of numerous 
claims of livestock poisoning thought to be caused by 
2,4-D or related chemicals. 
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Mitchell et al. (1946) and Grigsby and Farwell (1950) 
similarly observed no 111 effects to sheep and cattle whib.h 
were pastured on forage treated with 2,4-D at excessively 
high rates. A lactating cow fed 5.5 grams of 2,4-D daily 
for 106 days demonstrated no 111 effects. The milk did 
not contain any 2,4-D; however, the serum did cnntain 8.4 
ppm of 2,4-D, although none was found in the liver, kidney, 
or fatty tissues. Hill and Carlisle (1947) fed 1000 ppm 
for a month to rats without harmful effects. The lethal 
dose of 2,4-D to young chicks was between 380 and 765 mg/ 
kg (Bjorn and Northan, 1948). Drill and Hiratzka (1953) 
fed 2,4-D and 2,4,5-T to dogs at rates of 2, 5, 10, and 
20 mg/kg five times a week for 90 days. At the 2, 5, and 
10 mg levels no adverse effects were observed. However, 
some mortality preceded by various physiological disturb-
ances resulted fro.m the 20 mg/leg feeding trials. Rowe 
and Hymas (1954) report theacute oral ID50 for 2,4-D and 
2,4,5-T and derivatives to fall within the range of 300 
to 1000 mg/kg for rats, mice, guinea pigs, and rabbits. 
Dogs seemed to be more susceptible and chicks were more 
tolerant. MCPA, proving to be less toxic than 2,4-D and 
2,4,5-T, had oral ID50 values of 600-1400 mg/kg. They 
conclude that hazards to wild life and livestock are neg-
ligible when these chemicals are used as reconnnended. 
Similar conclusions have been expressed by Willard 
(1951), Fertig (1953), Anon. (1956), and Roberts and 
Rogers {1957). In 1953 Fertig stated, 11All the alleged 
cases of herbicidal poisoning of livestock and wild life 
that have definitely been diagnosed have been caused by 
one of the following: (l) lead, {2) arsenic, {3) hardware 
disease, (4) poisonous plants, (5) old age, {6) parasites, 
{7) drowning, (8) poor marksmanship, {9) contaminated food, 
{10) injection or oral dosage of some medicine or drugs. 11 
With Regard to Invertebrates 
Of the chemicals under consideration, only DNBP has 
been uniformly reported to be extremely toxic to arthro-
pods in general and honey bees in particular {Palmer-Jones 
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and Forster, 1958). In fact, Atkins and Anderson (1954), 
when studying the effects of a large list of insecticides 
on honey bees, reported DNBP to be the most toxic chemi-
cal in the group. 
A closely related dinitro compound, namely, 3,5-
dinitro o crasol (DNC), has also been described as very 
poisonous to bees (Goble and Patton, 1946; Schneider, 
1949; Palmer-Jones, 1950; Jones and Edwards, 1952; Schwan, 
. . 
1958). Schick (1953) reports that fovaging bees which 
had contacted DNC displayed the "trembling dance 11 of Von 
Frisch upon returning to the hive. As far as can be de-
termined this dance does not convey a message to other 
bees concerning the source of nectar. The original forag-
er continues collecting from the same contaminated source 
until the poison begins to take effect. However, with 
its inability to communicate the source of this nectar, 
no other foragers become involved. Therefore the forag-
ing activity soon ceased on the sprayed crop, and the net 
loss to the colony was small. Schick also reported simi-
lar effects when bees took food containing the sodium 
salt of 2,4-D. 
It is generally concluded that although DNBP is ex-
. 
tremely toxic to bees, only those bees which are direct-
ly sprayed 1n the field will be lost to the colony. 
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Walker (1959) reports the survival of the following 
aquatic species in ponds that were treated with a mixture 
of dalapon (2.2 powids per acre) and 2,4-D (8.8 powids 
per acre) to eliminate aquatic weeds: snails (Physidae), 
aquatic earth worms (Oligochaeta), larvae and adults of 
water beetles (Coleoptera), and immature forms of other 
insects such as the caddisfly (Trichoptera), dragonfly 
(Odonata), horse fly (Tabanidae), phantom midge (Chaobor-
inae), comm.on midge (Chironomidae) and biting midge 
(Ceratopogon1dae). 
There is no information available concerning the 
effects of amitrole and TOA on arthropod populations. 
The possible toxicological effects of commercial ap-
plications of hormone herbicides on honey bees is a matter 
of controversy. Most of the available information from 
Canada, Great Britain, France, Germany, New Zealand, and 
the United States indicates that these materials present 
little or no hazard. However, other information, espe-
cially from Denmark and Sweden, but also supported by re-
search fro.m Russia, East Germany, and England, indicates 
the possibility of hazardous results from normal hormonal 
herbicide applications. 
Aphid infestations have increased sharply in Canadian 
grain fields following spraying with 2,4-D. This observa-
tion stimulated Adams (1960) to investigate the possibility 
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that 2,4-D amine may adversely affect the natural control 
agents of these aphids, namely, the larvae of several 
species of coccinellids. It was reported that mortality 
of treated larvae was increased four times over untreated 
larvae in all age groups. Also, the mean time for pupa-
tion increased 1n all age groups except the one-day-old 
larvae. The increased mortality and retarding of larval 
development allowed the aphids to increase at higher than 
normal rates. 
Hammer (1950 a) reports that of a hundred cases of 
bee poisoning in Denmark 1n 1949, fifty were due to hor-
mone sprays when dandelion and charlock (Brassies arvensis) 
were flowering. Hammer indicates that it is difficult to 
differentiate between hormone poisoning and a general 
weakening of the colonies. Usually the bees were found 
crawling on the ground between the field and the hive. 
Where hormone sprays have been used close to apiaries, 
thousands of bees were found crawling on the ground about 
the hives. Hammer (1950 b) recognized that with the ex-
ception of Sweden, similar effects have not been reported 
from other areas. He suggests that differences in weather 
and quantity and concentration of the herbicidal applica-
tions may explain the inconformity. Hammer (1953) re-
asserts that the disastrous depopulation of many hives 
had been a direct result of hormone applications. 
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Voluntary efforts 1n Sweden had failed to protect bees 
from harm.f'ul pesticide applications. Therefore, legisla-
tion was enacted which prohibits the use of certain pesti-
cides, as determined by the Board of Agriculture, on flow-
ering plants visited by honey bees and bumble bees. In 
1958 the Board of Agriculture designated, 1n addition to 
the common insecticides, the esters of 2,4-D as toxic to 
bees. Any application of this material to forage plants 
when in blossom is illegal in Sweden {Schwan, 1958). 
-Several researchers 1n areas other than Scandinavia 
have reported somewhat similar results. Husing {1952) 
reported that UT 10-leuna, a special formulation of 2,4-D, 
was not entirely harmless to bees within the meaning of 
the East German regulations for the protection of bees. 
cooper (1952) 1n England observed a general weakening of 
colony strength due to hormone herbicides, a condition 
very similar to that described 1n Denmark. Hirschfelder 
and Gruch {1955) reported that concentrations of 0.5 per-
cent or more of u 46 (a special formulation of 2,4-D) 
caused permanent injury to bee larvae. However, he also 
indicated that concentrations of such magnitude were sel-
dom present in dead bees. In Russia when bees were fed 
a one-percent solution of 2,4-D 1n sugar water, 97-100 
percent mortality resulted. However, spraying bees with 
a one-percent solution did not cause any significant 
mortality (Ostrovsk.y, 1954). 
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In contrast to these reports, most research workers 
1n other countries conclude thatnormal application rates 
of hormonal herbicides are harm.less to bees. This is pre-
cisely the report from American investigators (Eide, 1947; 
Anderson and Atkins, 1958; and Johansen, 1959). Their 
articles, however, are concerned almost exclusively with 
insecticides, and the actual research with herbicides is 
relatively meager. Researchers 1n New Zealand, Canada, 
and Europe have devoted considerably more effort to this 
subject, and 1n general their investigations have yielded 
more reliable information. These tests generally have 
followed the same basic methods: (l) feeding to caged 
bees various formulations of 2,4-D, 2,4,5-T, and MCPA in 
sugar syrup; (2) dipping caged bees 1n different concen-
trations of these same materials; (3) enclosing bees 1n 
cages which possess dried deposits of these chemicals 
(Palmer-Jones, 1950; Smith, 1952; Bottcher, 1953; Wenzel, 
1953; Jones and Connell, 1954; Lukoschus, 1955; Stute, 
1955; and Pankiw, 1961). Bailey (1954) summarized much of 
these data as follows: "Although the hormonal weed killers 
are certainly toxic to bees when fed in sufficiently high 
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concentrations, the honey bee is fairly tolerant of them 
and may not pick them up in toxic amounts in the field. 11 
In Canada, Smith (1952) and Pankiw (1961) conducted 
-
longevity tests on foraging bees which were field collect-
ed from blossoms just previously sprayed with 2,4-D. No 
difference in mortality was observed between bees that 
were visiting treated areas and bees from \llltreated areas. 
Bottcher (1953) found the ID50 of the sodium salt of 
2,4-D, as determined by feeding experiments, to be 85 mg 
per bee. Pankiw (1952) in similar studies using "water 
soluble salts of 2,4-D" reported the lethal dose to be 65 
mg per bee. He also described the physiological reactions 
of bees which had consumed a lethal dosage of these mater-
ials. Within several hours to several days the bee deve-
lops general excitability, followed by paralysis of the 
wings and legs, eventually reduced movements, and finally 
death. Wenzel (1953) reported almost identical;1:1ymptoms 
resulting fro.m lethal doses of MCPA. 
Bottcher (1953), working with 2,4-D, and Wenzel 
(1953), working with MCPA, concluded from general toxico-
logy studies that .mortality of treated bees was greater 
at 20°c and 22°0 than at 3400. This indicates that the 
hive temperature (34°0) considerably increases resistance 
of the bees to these chemicals. Smolarz (1960) observed 
the same phenomenon when studying the effects of the 
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insecticide DDT at 1500, 25°0, and 34°0. The toxicity of 
DDT to honey bees decreased about four times with each 
1000 increase 1n temperature. 
No information was obtained concerning the effects on 
bees of the newer phenoxybutyric co.mpounds. 
Investigations on Toxicity of Herbicides to Honey Bees 
~ Direct contact Action ~ ~ 
As discussed previously, bees forage 1n many areas 
that are sprayed with herbicides. Most herbicides are 
applied during hours of high foraging activity. There-
fore, many field bees are unavoidably sprayed directly 
with these chemicals. In an effort to determine possible 
lethal effects of such applications, several tests were 
designed to determine the susceptibility of adult bees to 
various concentrations of herbicidal sprays. A standard 
procedure for testing the effects of direct application 
of pesticides on insects was adopted. It consists of 
innners1ng the test insect into the spray material for a 
prescribed length of time and observing the rate of mor-
tality. such conditions are obviously more severe than 
would be encountered 1n the field, but the method does 
provide a complete and uniform exposure to the toxicant. 
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~reliminarz Investigations 
A preliminary investigation was designed to determine 
the toxicity of the ten selected herbicides at normal 
application levels of concentration. 
Methods. - To minimize genetic variation, 11Island 
Hybrid 11 bees were used in all phases of the toxicity 
studies. 
Samples of bees were conveniently collected in hold-
ing cages by means of a modified hair dryer which had the 
heating element removed (Figures 13 and 14). The holding 
cages consisted of quart ice cream containers with the 
paper bottoms replaced by a tightly fitting disc of 18-14 
mesh screen. Sample size could be controlled rather accu-
rately by counting the bees as they were collected. As 
demonstrated in Figure 13, two operators were required 
for efficiency: one to collect the bees and one to assist 
1n removing the holding cages from the hair dryer assembly. 
The holding cages, containing the desired sample size, 
were easily removed to the laboratory where the bees were 
prepared for testing. 
From the holding cages, the bees were transferred in-
to specially prepared i1DID.ersing cages. These cages were 
constructed by insert 1ng a cylinder (diameter-3-k"; height-
3! 11) of 18-14 mesh screen between the lid and the bottom 
Fig. 13. Collecting samples of "hive bees", using an 
adapted hair dryer. Current from a portable six volt 
battery (extreme left) is increased to 110 volts by 
means of the transformer. Efficient collecting is thus 
possible in out-yards that are far removed from an 
electric power source. The soap box (extreme right) 
contains holding cages into which samples of bees have 
been collected. 
Fig. 14. Collecting "young bees" from a frame which 
was enclosed in a bee tight cage just prior to the 
emergence of sealed brood. 
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portion of a! pint ice cream container. Two gallons of 
each herbicidal spray solution, prepared as indicated in 
Table l, was placed in suitable glazed crocks. Theim-
mersing cages,,containing approximately 50 bees each, were 
individually submerged for ten seconds 1n these spray so-
lutions. The check bees were immersed in tap water and 
each treatment was replicated four times. The cages were 
removed and allowed to drain for a short period. 
The bees were then transferred to uncontaminated 
observation cages (Figure 15) and supplied with 50 percent 
-(by weight) sugar solution. They were placed in a con-
stantlJ lighted room where the temperature ranged from 78°-
82°F. The observation cages were examined one hour after 
treatment and daily thereafter, and the number of dead 
bees was recorded. The dead bees were located at the 
bottom of the funnel portion of the cage and cmuld be 
readily removed without any of the live bees escaping. 
Observations were continued until all bees in all treat-
.ments were dead. 
Results. - It was very evident that a number of these 
formulations were extremely toxic, because many bees were 
killed almost immediately upon contact. These dead bees 
had the same general appearance as do bees that are 
Fig. 15. Mortality observation cage used in toxicity 
studies (extended to show construction). 
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immersed in gasoline or an organic solvent. The data in 
terms of days for LD50 appear in Table 2. 
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Discussion. - As is evident from Table 2, these herb-
icides at the given concentrations were either extremely 
toxic or completely non-toxic. This suggests a more de-
tailed experiment which would investigate the effects of 
various concentrations of each of the herbicides. It is 
also significant that the ester formulations of the phen-
ox:y compounds were toxic and the amine formulations were 
non-toxic. It is not surprising that DNBP was toxic. 
The literature and this observation are in perfect accord. 
However, it was interesting to observe the completely op-
posite effects demonstrated by two similar chemicals, 
namely TCA and dalapon. The preliminary experiment indi-
cates the need for further study. 
Effects bl Contact Action of Various 
concentra ions of Herbicides 
If, as indicated from the preliminary investigations, 
several of the commercial formulations of herbicides are 
toxic to bees, the level of concentration at which toxici-
ty begins should be determined. An experiment was de-
signed which would test the effects of five different 
levels of concentration for each material on adult honey 
bees. 
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Table 2. Mortality effects of herbicides on honey bees as 
determined by direct immersion into the spray material at 
concentrations normally used in areas of possible bee 
pasture. 
Herbicide# Concentration of Time in days 
active herbicidal for LD50 
substance in ppmw 
2,4-D 1798 0 
2,4,5-T 3595 0 
50-50 brush killer 4794 0 
MCPA 2397 13.0 
4-(2,4-DB) 1798 14 .2 
4-(MCPB) 1798 14.8 
amitrole 4793 14.8 
DNBP 5393 0 
TOA 14,860 16.3 
dalapon 13,302 0 
check 0 14.6 
# The chemical identification of particular formula-
tions is presented 1n Table l. 
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Two of the chemicals listed in Table l, namely 50-50 
brush killer and 4-(MCPB), were deleted from this and all 
subsequent tests. Due to the extreme similarity of 50-50 
brush killer to its two constituents, 2,4-D and 2,4,5-T, 
it was considered unprofitable to include this formulation 
in the succeeding detailed investigations. The 4-(MCPB) 
formulation has not proved adequate as a cotmnercial weed 
killer (Dowler and Willard, 1960), and therefore it has 
also been deleted from ensuing experiments. 
Methods. - Procedures for collecting samples and for 
treatment of the bees were identical to those described in 
the preceding section. A solution of each chemical (Table 
l) was prepared which contained 4% (40,000 ppmw) of the 
active herbicidal substance. After immersing four repli-
cated samples of bees in this material, appropriate dilu-
tions produced concentrations of 10000, 2500, 625, and 156 
ppmw, which were likewise used as test media. 
Temperature ranged from 780 - 840 F., and relative 
humidity from 25-40 percent during the period of mortality 
observation. 
Results. - The data expressed as days necessary for 
LD50 are recorded in Figures 16-23. 
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Fig. 16. Toxicity on adult honey bees of propylene glycol 
butyl ether esters of 2,4-D, as determined by i11Dners1ng 
the bees for 10 seconds directly into the material. Con-
centration 1s expressed in terms of 2,4-D acid equiva-
lent. 
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Fig. 17. Toxicity on adult honey bees of propylene gly-
col butyl ether ester of 2,4,5-T, as determined by im-
mersing the bees for 10 seconds directly into the ma-
terial. Concentration is expressed 1n terms of 2,4,5-T 
acid equivalent. 
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Fig. 18. Toxicity on adult honey bees of alkanolamine 
salts of MCPA, as determined by immersing the bees for 
lO seconds directly into the material. Concentration 
is expressed in terms of MCPA acid equivalent. 
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Fig. 19. Toxicity of dimethylamine salt of 4-(2,4-DB), 
as determined by immersing the bees for 10 seconds 
directly into the material. Concentration is expressed 
in terms of 4-(2,4-DB) acid equivalent. 
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Fig. 20. Toxicity effects on adult honey bees of ami-
trole, as determined by irmners1ng the bees for 10 sec-
onds directly into the material. Concentration is ex-
pressed 1n terms of actual amitrole. 
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Fig. 21. Toxicity effects on adult honey bees of alka-
nolam1ne salts of DNBP, as determined by immersing the 
bees for 10 seconds directly into the material. Concen-
tration is expressed 1n terms of DNBP equivalent. 
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Fig. 22. Toxicity on adult honey bees of sodium salt of 
TCA, as determined by immersing the bees for 10 seconds 
directly :Lnto the material. Two series of experiments 
are represented. Concentration 1s expressed 1n terms 
of TCA equivalent. 
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Fig. 23. Toxicity on adult honey bees of sodium saJ.t or 
dalapon, as determined by innners:Lng the bees for 10 
seconds directly :Lnto the material. Concentration 1s 
expressed 1n terms of dalapon equivalent. 
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Figures 16 and 17 substantiate that 2,4-D and 2,4,5-T 
in these particular formulations are very toxic to adult 
bees in concentrations of 625 ppmw or more. Two other 
phenoxy compounds, MCPA and 4-(2,4-DB), were toxic only at 
the higher concentrations (Figures 18 and 19). Amitrole 
exhibited similar toxicity (Figure 20). DNBP gave results 
very similar to 2,4-D. Almost immediate death resulted 
from contact with all but the most dilute solution (Figure 
21). Bees were unbelievably tolerant of the TCA treatment. 
In fact, no significant mortality was observed in any of 
the TCA concentrations. The author immediately assumed an 
error in procedure and therefore repeated the entire TCA 
series. These results, represented by the solid line in 
Figure 22, were almost identical to the data obtained by 
the first series. Dalapon (Figure 23) at 10,000 ppmw was 
-
toxic immediately on contact but was non-toxic at 2500 
ppmw. 
Discussion. - The results observed in this series of 
studies substantiate the data obtained in the preliminary 
studies (Table 2) in every instance. A vast difference 
in degree of toxicity was again noted between two groups 
of phenoxy chemicals, namely, ester formulations of 2,4-D 
and 2,4,5-T on one hand and amine salts formulations of 
MCPA and 4-(2,4-DB) on the other. This observation 
58 
suggests a more thorough investigation as to possible dif-
ferences in toxicological properties of these two co.mmon 
types of phenoxy formulations. The next series of experi-
ments will deal primarily with this problem, and a more 
detailed investigation of the phenoxy compounds will be 
discussed there. 
Amitrole, based on this method of investigation, can 
be considered as toxic by direct contact only at extremely 
massive dosages. These toxic dosages (40,000 ppmw) are 
far in excess of concentrations normally used in practical 
weed control, and therefore amitrole is not likely to kill 
foraging bees by contact action. 
DNBP, however, because of its extremely toxic proper-
ties, should be used with extreme caution or abandoned 
completely in areas of high rates of foraging activity. 
These results and conclusions are in close agreement with 
those reported from New Zealand by Palmer-Jones and 
Forster (1958). 
The effects as exhibited by the TCA treatments are 
remarkable in that the highest concentration failed to 
produce any mortality in two successive trials. In light 
of these data it is difficult to conceive that commercial 
applications of TCA could exercise any contact toxicity 
as regards foraging honey bees. 
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Dalapon, if applied at concentrations above 10,000 
ppmw, could prove toxic to foraging honey bees. As indi-
cated in Table 1, the recommended dosage 1n 100 gallons of 
water produces a solution containing 13,302 ppmw dalapon 
equivalent, which could by contact action be detrimental 
to foragers. Dalapon, however, is much less toxic than 
DNBP but can not be considered entirely harmless to bees 
by contact action. 
Effects !?.z Contact Action of Various 
Formulations of 2,4-~ 
As discussed previously, the ester formulations of 
2,4-D and 2,4,5-T exhibited a much greater degree of di-
rect contact toxicity than did the amine salt formulations 
of MCPA and 4-(2,4-DB). It was suspected that this large 
difference in toxic properties was due to the incorporated 
organic radical rather than to molecular variations 1n 
the structure of the active herbicidal substance. To in-
vestigate this hypothesis, a series of tests was designed 
to determine the toxicological properties of several com-
mercial amine and ester formulations of 2,4-D 1n compari-
son to the sodium salt of 2,4-D and technical 2,4-D. 
Methods. - several formulations of 2,4-D which have 
not previously been described served as the test materials. 
Propylene glycol butyl ether ester of 2,4-D, as described 
60 
in Table l, is commonly referred to as a long-chain, low-
volatile ester formulation. A relatively short-chain 
ester formulation with higher volatility is the isopropyl 
ester of 2,4-D. This ingredient is formulated by the Dow 
Chemical company, Midland, Michigan, as the commercial 
material "Esteron 44." Amchem Products, Inc., Ambler, Pa., 
is the manufacturer of "Weedar 64," a formulation of the 
dimethylamine salt of 2,4-D. Technical 2,4-D plus i per-
cent Tween 20 as a wetting agent and the sodium salt of 
2,4-D completed the list of the materials investigated. 
The sodium salt of 2,4-D was produced by reacting techni-
cal 2,4-D in a solution of sodium bicarbonate. Each of 
these materials was prepared in concentrations of 40000, 
10000, 2500, 625, and 156 ppmw of 2,4-D acid equivalent. 
A control solution consisted of! percent TWeen 20, and 
the check solution was tap water. 
The methods of collecting and immersing the bees 
were identical to those described under Preliminary 
Investigat!ons, with the exception that the temperature 
and relative humidity of the room in which the observa-
tion cages were located varied during the recording period 
from 770 - 82DF and from 32-55 percent respectively. 
Results. - The results in terms of days for ID50 are 
recorded in Table 3. 
Table 3. Direct contact toxicity on honey bees of 
different formulations of 2,4-D expressed as days neces-
sary for ID50. 
Concentration expressed as 
amount of 2,4-D acid 
equivalent in ppmw 
Formulation 40000 10000 2500 625 156 
Propylene glycol butyl 0 0 0 .03 .03 
ether ester of 2,4-D 
Isopropyl ester of 0 0 0 .03 .04 
2,4-D 
D1methylam1ne 
2,4-D . 
salt of 0 .03 8.5 8.5 8.4 
Sodium salt of 2,4-D .03 .60 8.2 8.3 9.0 
Technical 2,4-D plus 0 .02 !% Tween 20 3.6 6.9 7.6 
~ Tween 20 (control) 7.9 
Tap water (check) 7.6 
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The two ester formulations exhibited little differ-
ence as regards toxicity by direct contact action; both 
were very toxic at all concentrations. The toxicity of 
the propylene glycol butyl ether ester of 2,4-D varied 
somewhat 1n this test from that observed in the previous 
test. At the 156 ppmw level in the previous test, this 
formulation was non-toxic; however, 1n this series at the 
same level it demonstrated rather severe toxicity. 
The dimethylamine formulation appeared to be slight-
ly more toxic than the sodium salt at the higher concen-
trations. The sodium salt proved to be the least toxic 
of the materials tested. However, the technical 2,4-D 
plus i percent Tween 20 was only slightly more toxic at 
all concentrations than the sodium salt. 
As observed in the previous series, several treat-· 
ments involving the ester formulation of 2,4-D ~:x:hibited 
an extremely high mortality. However, 20-25 percent of 
these innnersed bees were not killed immediately. These 
survivors soon regained normal appearance, and their rate 
of mortality was similar to mortality of the check. The 
same phenomenon occurred in this series at the 625 and 
156 ppmw levels of the two ester formulations and at the 
10,000 ppmw level of the amine salt and sodium salt 
formulations. 
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Discussion. - Technical 2,4-D was toxic to honey bees 
by direct contact action only at massive concentrations, 
while the ester formulations were toxic at considerably 
lower concentrations. This would indicate that the toxic 
properties of the ester formulations are due to materials 
other than the 2,4-D portion of the molecule. It is pos-
sible, however, that the presence of the ester radicals 
could result in a more active form or 2,4-D, as is demon-
strated by its increase in phytotoxicity. In either in-
stance, the ester formulations have demonstrated severe 
toxic properties with regard to adult honey bees, as 
measured by this method of application. 
Although concurrent field tests have not been con-
ducted, it would be difficult, in light of these data, to 
conceive that commercial applications of ester formula-
tions of the phenoxyacetie compounds would be completely 
harmless to any contacted foragers. This idea is 1n gen-
eral agreement with information from Scandinavia, and, as 
mentioned previously, applications of ester formulations 
on blossoming forage plants are forbidden by law in 
Sweden {Schwan, 1958). However, Palm.er-Jones {1950) 1n 
. ' 
New Zealand and other researchers have concluded that 
none of the 2#4-D formulations would be harmful to bees 
at normal rates of concentration. The author is 1n 
agreement with these investigators concerning the effects 
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as demonstrated by the dimethylamine salt and sodium salt 
formulations, but is not in agreement concerning the 
ester formulations. 
The conclusion that the sodium salt of 2,4-D is not 
toxic by normal commercial concentrations concurs with the 
data presented by Bottcher (1953) and Jones and Connell 
. (1954). The sodium salt, however, has been almost com-
pletely replaced by ester and amine formulations for com-
mercial weed control. 
If hormone herbicides must be applied to blossoming 
foraging plants during periods of high forager activity, 
the risk of eliminating these bees by direct contact 
action would be much lower were the amine salts of 2,4-D 
used in preference to the ester formulations. 
The interesting observation that bees which survive 
immersion 1n the various 2,4-D formulations see.m to re-
cover completely, is difficult to explain. As described 
under Methods, these bees were all "Island Hybrids," and 
.. 
1n many cases they were collected from the same hive. 
These survivors were also distributed uniformly through-
out the four replications. 
When this phenomenon was observed in the previous 
tests, the author presumed that toxic action was due to 
some volatile organic solvent incorporated in the commer-
cial formulation rather than to the active herbicidal 
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substance. It was further suggested that if the bee could 
survive the toxic action of this volatile solvent for a 
few minutes, the bee would probably recover as soon as the 
volatile material evaporated. 
In this series of experiments the same phenomenon was 
observed at the l0,000 ppmw level of concentration of the 
sodium salt of 2,4-D. This material, however, contained 
no volatile organic solvent, and the seemingcy, plausible 
explanation given above must be discarded. Until more in-
formation is known concerning the mode of toxic action of 
these chemicals on honey bees, the author is unable to 
offer an explanation for this abnormal mortality curve. 
In~e~tigations ~ Toxicity to Honez ~ £l Residual Action 
It has previously been determined that bees continue 
to forage on flowering plants which have been sprayed with 
the herbicides listed in Table l. Since the flower parts 
have been exposed to the spray material, they obviously 
contain a herbicidal residue, and bees must necessarily 
contact these residues during the foraging process. 
Therefore an experiment was designed to determine 
whether contact with a sprayed surface would prove toxic 
to adult bees. Such contact would be insured by enclos-
ing bees in cages, the walls of which contained dried 
deposits of the weed killers. 
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Methods. - Solutions of the commercial herbicidal 
formulations, as listed in Table l with the exception of 
50-50 brush killer and 4-(MCPB), were prepared at concen-
trations of 40000, 10000, 2500, 625, and 156 ppmw of ac-
tive herbicidal substance. The screen and funnel portion 
of an observation cage (Figure 15) was immersed in the 
spray solution for ten seconds, tap water being used for 
the check treatment. This portion of the cage was then 
removed and set aside to dry. After three hours the 
observation cage was asse.mbled complete with 50 percent 
sugar solution in the feeding vials. Approximately 50 
bees were then introduced into each cage, and each treat-
ment was replicated four times. They were placed in a 
constantly lighted room where the temperature ranged from 
790 - 820 F. The observation cages were examined daily 
and the number of dead bees was recorded. The dead bees 
were removed each day as explained previously. 
Results. - DNBP was the only material that demonstrat-
ed any residual toxicity. Even at the 40,000 ppmw level 
of concentration the seven other chemicals did not produce 
a significant mortality. The DNBP residue at 2500 ppm.w 
and above was very toxic; however, the rate of mortality 
at the 625 ppmw level and below was not significant. 
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Discussion. - These results are in complete agreement 
with conclusions expressed by Palmer-Jones (1950), which 
were based on similar methods. Smith (1952), when he con-
ducted longevity tests on bees collected from blossoms re-
cently sprayed with a 2,4-D formulation, also concluded 
that residues of' 2,4-D were completely non-toxic. 
Although the higher residual concentrations of DNBP 
proved toxic, it would be almost impossible for them to 
kill many foraging bees. Such concentrations are ex-
tremely phytotoxic, and any contacted flower parts would 
almost immediately become unattractive to foraging bees. 
It is therefore concluded that none of these herbi-
cides constitute a hazard in the form. of residual toxi-
city to honey bees. 
Amitrole Residue Determinations 
on Dandelions 
Since bees continue to forage rather extensively on 
plants treated with amitrole, an experiment was designed 
to deterrntne the amount of amitrole residue which foragers 
might encounter on sprayed blossoms. 
Methods.- Four replicated plots of dandelions 
(T~raxac~m offio1nale) during full bloom were sprayed to 
the point of run-of'f with amitrole at the rate of f'our 
powids actual per 100 gallons of water. Samples which 
were taken ona and five days after application consisted 
of 50 grams of flower heads from each replicate. These 
replicate samples were combined for each sampling date, 
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l frozen, and shortly analyzed for the presence of amitrole. 
Results. - The sample collected one day after spray-
ing contained 5.0 ppm of amitrole; the sample collected 
five days after application contained 6.o ppm of amitrole; 
the check sample was completely free of amitrole. 
Discussion. - These concentrations are extremely low 
when compared to the concentrations required for bee mor-
tality. Although these tests were not very extensive, in 
view .. of the data presented earlier in the toxicity: studies, 
it is concluded that residues of amitrole on recently 
sprayed dandelions do not constitute a hazard to foraging 
honey bees. 
Amitrole Residue Determinations 
~ Grapes 
. 
Grapes are not commonly regarded as a nectar or 
pollen source for honey bees. There was available, 
l The analysis was conducted by Dr. R.H. Blackmore, 
Division of Food and Dairies, Ohio Department of 
Agriculture, Reynoldsburg, Ohio. He used the Food 
and Drug Administration's Method for the determina-
tion of 3-amino-l,2,4-triazole as published in the 
Bureau By-Lines, October, 1959. (Sensitive to 
.05 ppm) 
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however, a series of weed control plots in a vineyard of 
Delaware grapes at the Experiment Station, which had re-
ceived regular treatments of amitrole for four years. 
These vines offered an excellent source of material for 
systemic residual determinations. 
Methods. - The grape vines were not sprayed directly 
with amitrole. The herbicide was applied only to the 
weeds in the row under the vines. These applications 
were divided into two treatments as listed below. 
12_2_6 1957 1958 1959 
June 4 May 9 May 11 Treatment one- 2 lbs of 
actual am1trole per acre 
twice a year June 21 July 2 June 12 
Treat.ment two- 2} lbs of 
actual am1trole twice in 
1956 and 4 lbs of actual 
amitrole twice a year 
thereafter 
May 29 June 4 May 9 May ll 
July 30 June 21 July 2 June 
There was no amitrole applied during 1960. 
On June 10 1 1960, one 200-gram sample of grape blos-
soms 1n full bloo.m was obtained from the vines of each 
treatment. The check sample was obtained from a plot of 
untreated grapes. These samples were quickly frozen and 
included in the series of analyses referred to in the 
previous experiment. 
Results. - There was no positive indication of ami-
trole in any of the samples. 
12 
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Discussion. - Although amitrole had been applied to 
the soil 1n which grapes were growing, it was not trans-
located into the floral tissue as intact amitrole. These 
findings agree with those of Ercegovich (1958) when he 
reported that the tissues of corn, radish, bean, and spi-
nach which had been grown in amitrole treated soil were 
completely free of any amitrole residue. 
Alllitrole does not appear to present a systemic resi-
dual problem in regard to foraging honey bees. 
Investigations on Toxicitz to Honey Bees~ 
6ra! Application. ~ 
The application of herbicides on blossoming plants 
could, depending on floral structures, result 1n direct 
contamination of nectar by droplets of the spray material. 
such contaminated nectar could present a hazardous situa-
tion to foraging bees. Therefore, a series of tests was 
designed to determine the concentration of herbicidal 
active substance which would prove toxic to honey bees by 
oral application. 
Methods. - Samples of bees were transferred to obser-
vation cages, and the feeding vials were filled with 50 
percent sugar syrup containing the chemicals in solution 
at concentrations of 6400, 1600, 400, 100, and 25 ppmw or 
the active herbicidal substance. The check treatments 
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were supplied with 50 percent sugar syrup. Each cage con-
tained approximately 50 bees, and each treatment was repli-
cated four times. The number of dead bees was recorded 
daily. 
The following chemicals were included in this expert-
ment: 
sodium salt of 2,4-D 
sodium salt of 2,4,5-T 
sodium salt of 4-(2,4-DB) 
alkanolamine salts of MCPA 
technical amitrole 
alkanolamine salts of DNBP 
trichloroacetic acid 
sodium salt of dalapon 
The samples of bees used in one trial of this test 
were obtained directly from the top bars and frames of a 
standard Island Hybrid colony and, therefore, consisted of 
bees of all ages. These bees are referred to as "hive 
bees." 
In order to obtain a more uniform sample of bees with 
respect to age, a specially designed cage was used to en-
close a frame of sealed brood just prior to emergence. 
All adult bees were removed from the frame before the cage 
was assembled. The caged frame which occupied the space 
of two normal frames was then re-introduced into the colo-
ny. As the young adults emerged, they could be fed and 
attended by other bees through the 18-14 mesh screen. 
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After eight days the assembly was withdrawn from the hive, 
and all bees clinging to the outside of the cage were re-
moved. 
The caged frame now contained a large sample of bees, 
none of which were older than eight days. One side of the 
cage was carefully removed in a screened room of the in-
sectary and samples were easily obtained with the hair 
dryer collector (Figure 14). These bees are referred to as 
"young bees" and constitute the sample used in a second 
trial of this test. 
During the mortality observation period, the tempera-
tures in the first trial (hive bees) ranged from 770 - 810F 
and in the second trial (young bees) from 780 - 85DF. 
Results. - The results in terms of days for LD50 are 
graphically presented in Figures 24-31. 
The performance of the phenoxy compounds was relative-
ly uniform. They were toxic only at the higher levels of 
concentration, and the young bees indicated a slightly 
higher tolerance for these chemicals than did the hive 
bees. The critical level of toxic concentration for all 
four materials was located between 400 and 1600 ppmw acid 
equivalent. 
Amitrole exhibited, in general, a higher degree of 
toxicity than did the phenoxy compounds, especially in 
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Fig. 24. Toxicity on adult honey bees 
of sodium salt of 2,4-D, as determined 
by feeding in 50% sugar syrup. Concen-
tration is expressed in terms of 2,4-D 
acid equivalent. 
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Fig. 25. Toxicity on adult honey oees 
of sodium salt of 2,4,5-T, as deter-
mined by feeding 1n 50% sugar syrup. 
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Fig. 26. Toxicity on adult honey bees 
of alkanolamine salts of MCPA, as de-
termined by feeding in 50% sugar syrup. 
Concentration is expressed in terms of 
MCPA acid equivalent. 
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Fig. 27. Toxicity on adult honey bees 
of sodium salt of 4-(2,4-DB), as deter-
mined by feeding in 50% sugar syrup. 
Concentration is expressed in terms of 
4-(2,4-DB) acid equivalent. ~ 
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Fig. 28. Toxicity on adult honey bees 
of technical amitrole, as determined 
by feeding 1n 50% sugar syrup. Concen-
tration is expressed in terms of tech-
nical amitrole. 
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Fig. 29. Toxicity on adult honey bees 
of aDcanolamine salts of DNBP, as deter-
mined by feeding in 50% sugar syrup. 
Concentration is expressed in terms of 
DNBP equivalent. j 
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Fig. 30. Toxicity on adult honey bees 
of TCA, as determined by feeding in 50% sugar syrup. Concentration is ex-
pressed in terms of actual TCA. 
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of sodium salt of dalapon as determined 
by feeding in 50% sugar syrup. Concen-
tration is expressed in terms of dala-
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the lower levels of concentration. Also, in contrast to 
the hormone chemicals, amitrole was more toxic to the 
young bees than to the hive bees. 
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DNBP was extremely toxic to both young bees and hive 
bees at concentrations of 100 ppmw and above. Only at 25 
ppmw did the hive bees prove to be more resistant than 
the young bees. 
very little difference in toxicity was indicated be-
tween young and hive bees at any of the TOA concentrations. 
TOA was only moderately toxic even at the highest concen-
tration. 
Dalapon was even less toxic than TOA. However, the 
hive bees appeared to be more susceptible than the young 
bees by this method of application. 
There was no indication of an unusual mortality 
curve 1n any of the treatments, as observed in the studies 
concerning the effects by direct contact action. 
Discussion. - These data tend to confirm the conclu-
sions of Palmer Jones (1950), Smith (1952), Pankiw (1961), 
and others concerning effects of oral applications. When 
a quantity of the phenoxy materials is ingested over a 
period of several days, toxicity may occur. However, the 
amount required to cause death by this .method is consider-
ed to be much greater than would be encountered in field 
conditions. Therefore., commercial applications of the 
phenoxy compounds do not present a hazard in regard to 
oral toxicity. 
78 
The observation that DNBP was extremely toxic by oral 
application is in complete agreement with other reports in 
the literature (Palmer-Jones., 1950., and Atkins and Anderson., 
1954). However., the possibility of bee mortality due to 
ingestion of DNBP is extremely slight. Plants that contain 
an amount sufficient to be toxic to a bee are soon ren-
dered unattractive., due to phytotoxicity. Schick (1953)., 
as mentioned previously., reported that bees affected by 
dinitro poisoning are not able to communicate the source 
of this poison to other foragers., and therefore little 
damage could result. 
It was rather surprising to observe the mortality 
caused by amitrole., since this chemical is generally re-
garded as non-toxic to animals. It is., however., doubtful 
that foraging bees would obtain sufficient material to 
cause significant reductions in the field force. This 
situation will be discussed at greater length in the next 
series of experiments. 
Bees appear to have an amazing tolerance for TCA. 
TOA exhibited only moderate toxicity even at the highest 
levels of concentration. In the light of these data., it 
is very improbable that bees would sustain injury from 
commercial applications of TCA. 
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Dalapon, by direct contact, proved to be extremely 
toxic at higher concentrations. However, by oral applica-
tion it was the least toxic chemical of the group and 
could be considered only moderately toxic at the highest 
tested level of concentration. Toxicity in the field due 
to ingestion of dalapon would appear to be a rather remote 
possibility. 
As reported, there were several observable differences 
between the reactions of young bees and hive bees to inges-
tion of these chemicals. The value, however, of using 
known-age bees lies 1n another area. In toxicological in-
vestigations, uniform samples produce less erratic results. 
Age of honey bees is an important qualification when con-
sidering uniformity of samples. 
A survey of the data in Figures 24 to 31 indicates 
that the young bees constantly yielded smoother mortality 
curves than did the hive bees. 
It is therefore recommended that 1n subsequent toxic-
ological tests, bees of' similar and known age be utilized 
when possible 1n preference to samples collected at 
random fro.m the hive. The extra effort involved in pro-
ducing bees of known age by the previously described cage-
method is justified by the less erratic data obtained. 
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Effects on Colonies~ Direct Feeding of 
- 21 4-D and Am.1t"ro!e --
The previously reported toxicological investigations 
were conducted entirely upon caged bees in the laboratory. 
Conditions such as these are very abnormal for a colonial 
insect such as the honey bee. Information from these 
tests certainly can not be considered worthless, but data 
obtained under more nearly normal conditions should defi-
nitely be of greater significance when evaluating the 
overall effects of these chemicals on honey bees. 
Since the honey bee is a colonial species, it was 
decided to test the effects of these chemicals on the 
colony as a whole, not only on individual bees as report-
ed previously. This test, therefore, was conducted en-
tirely in the apiary. Because of the expense and magni-
tude of such an investigation, only two chemicals, namely 
2,4-D and amitrole, were included in the study. The main 
objective of the study was to determine whether adverse 
colonial effects would result when the active herbicidal 
substance was fed directly to the colony. 
Methods. - On April 21 and 22, 1960, twelve three-
pound packages of bees, each possessing a clipped and 
marked Island Hybrid queen, were introduced into com-
pletely new one-story hives containing frames and wired 
foundation. Each colony was fed during the ensuing four 
weeks 2i gallons of 2-1 (by weight) sugar syrup contain-
ing 75-100 mg of fumagillin per gallon to eliminate any 
possible Nosema infection. 
One of the queens was not accepted, and a new one 
was successfully introduced on April 29. 
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Colony development was not uniform, and on May 16 an 
attempt was made to equalize the a.mount of brood by mov-
ing brood frames from the stronger to the weaker colonies. 
This maneuver was not entirely successful, as several col-
onies continued to increase at considerably more rapid 
rates than did the others. Hybrid queens were selected 
for the express purpose of eliminating as much inter-
colonial variation as possible, but these queens failed 
to demonstrate.the degree of uniformity 1n colony build-
up that had been anticipated. 
Extra super bodies containing frames and wired foun-
dation were added when needed to each colony throughout 
the summer. 
Beginning on May 20, the colonies were weighed at 
weekly intervals {with several exceptions) by means of 
the apparatus pictured 1n Figure 32. Portions of the 
hive such as bottom board, super bodies, frames and 
foundation, inner and outer cover, and entrance screen 
were weighed previously, and the sum of these weights 
was deducted from the total colony weight to'prov1de the 
Fig. 32. This apparatus provided a 
very convenient means of weighing the 
test colonies with a minimum amount 
or effort. These steelyards were ac-
curate to the nearest O.l pound. 
Fig. 33. Inverted paint can containing 
2-1 syrup and herbicide. This method 
of feeding eliminated possibilities of 
robbing. 
(X) 
I\) 
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~et weight due to bees, brood, stores, and wax. To faci-
litate the weighing operation, screens were placed over 
the entrances on the evening prior to the day of weighing. 
The net weights as measured on July l served as the 
basis for the division of' the twelve colonies into four 
replicates of three treatments each. The constituent 
hives 1n each replicate were determined as follows: the 
three heaviest colonies were grouped 1n replicate A, the 
three next heaviest 1n replicate B, and so forth. The 
treatments, however, were selected at random within each 
replicate. 
Treatments consisted of feeding the acid equivalent 
of the sodium salt of 2,4-D and technical amitrole at 250 
ppmw directly to bees within the colony. This was accom-
plished by dissolving the appropriate amount of herbi-
cide in 2'."91 sugar syrup and supplying four gallons to 
each of the colonies. Approximately 5 grams of the act-
ive herbicidal substance was applied to each colony by 
this method. Check colonies were each supplied with 
four gallons of uncontaminated 2-l syrup. The treatment 
period extended from July 27 to Sept. 9. At this season 
of the year it was essential that the sugar syrup be 
sufficiently concentrated in order to compete with ex-
ternal nectar sources. 
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The syrup was made available to the bees by placing 
it in an inverted paint can, which had about 30 small 
holes 1n the lid. The inverted can was placed on two 
small wooden blocks directly over the center hole of the 
inner cover. These blocks provided ample space for the 
bees to move freely under the can. A specially construct-
ed wooden shell was designed to enclose the feeding can 
(Figure 33). When the outer cover was placed on top of 
this shell, the feeding can bees.me completely inaccessible 
to bees from other colonies, and thus robbing was pre-
vented. 
The colonies were observed periodically 1n an effort 
to determine abnormalities. Several colonies became 
queenless, and new Island Hybrid queens were introduced 
when necessary. A week before the treatments began one 
of the check colonies swarmed. Since this colony did not 
regain adequate strength, it was eliminated from the test, 
thus reducing to three the number of check replicates. 
No special packing procedures were employed for over-
wintering. The bottom entrance was reduced toll" X t", 
and a!" hole was bored in the front of the top super. 
No honey was removed from any of the colonies. A snow 
fence was erected approximately 30 feet west of the colo-
nies to afford so.me protection from winter winds. The 
winter had several prolonged periods of sub-freezing 
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temperatures with numerous recordings of temperatures be-
low o° F. Spring was unusually late, and a cold, wet per-
iod during the first two weeks of May inhibited norm.al 
colony build-up. 
The tests were concluded upon inspection of the colo-
nies on June 24, 1961. 
Results. - Net weight of the colonies furnished the 
primary criterion for determining the effects of these 
treatments. The mean weights of all treatment replica-
tions are recorded graphically in Figure 34. 
During the period of treatment and until the begin-
ning of winter, all colonies appeared to be normal. Sever-
al colonies became queenless, but this was not significant 
between treatments. There were no obvious symptoms of 
bee mortality. No significant number of bees were observ-
ed crawling or hopping in the grass in front of treated 
colonies. Brood patterns and brood rearing were norm.al 
for the autumn season. All colonies appeared to be in 
good or excellent condition upon the arrival of winter. 
The weighings of February, April, and early May 
indicated a similar reduction of stores in all treatments. 
All colonies were alive on May 5. However, between May 5 
and May 25 several of the colonies died, and several more 
became very weak for reasons still non-apparent. In no 
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instance was there an absence of stores in these dead or 
weakened colonies. 
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Of the three check colonies observed on May 25, one 
had died completely, the second was very weak, but the 
third colony was exceedingly strong. A similar pattern 
was observed in the 2,4-D-treated colonies: one was dead, 
two were very weak, and one was very strong, in fact the 
strongest colony in the apiary. The amitrole-treated 
colonies also experienced one fatality, two were in good 
condition, and the fourth colony was in excellent 
condition. 
The final observation on June 24, 1961 found the 
strong colonies stronger and the weak colonies somewhat 
stronger also. 
Discussion. - During colony build-up, increase in 
net weight provides a bona fide index of colony strength. 
However, after a considerable amount of honey has been 
collected, net weight is no longer directly proportional 
to colony strength. The colony could die completely, 
leaving a large residue of honey. Net weight of such 
colonies would be very misleading as regards colony 
strength, if other observations are not considered. 
Therefore, all weighings were terminated on May 5, 
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1961, when it was observed that several colonies were dead, 
although a considerable amount of honey remained in each 
hive. 
As indicated by the data in Figure 34, there was no 
significant difference observed in any of the three treat-
ments. If the chemicals were having any adverse effect 
on the colony, it was not evident by this method of com-
parison. The general observations, likewise, did not re-
veal any gross sympto.ms of poisonings or irregularities. 
Death and general weake.ning of several colonies in 
the spring can not be considered significant, because 
the check colonies were damaged as .much as or more than 
the treated colonies. 
In a non-replicated test, one colony of bees was 
supplied with one gallon of 2-l syrup which contained DDT 
at 250 ppmw. In contrast to the colonies which were 
treated with four times this amount of herbicide, this 
colony was completely killed within a few weeks. This 
incident is mentioned only to de.monstrate the difference 
in toxicity between this insecticide and the herbicides, 
amitrole and 2,4-D. 
Amitrole and 2,4-D presented no hazard to colonies 
of honey bees when fed directly into the hives at concen-
trations of 250 ppmw of active ingredients. In light of 
evidence that has been presented and additional evidence 
that will follow, it is highly improbable that foragers 
could collect larger amounts of these chemicals from 
sprayed areas than were administered by this technique 
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(5 grams per colony). Therefore, it is concluded that 
2,4-D and am1trole do not constitute a threat to colonial 
survival. 
EFFECTS OF 2,4-D AND AMITROLE ON NECTAR SECRETION 
With few exceptions, the entire food source of honey 
bees consists of nectar and pollen. The apiculturist, 
therefore, has a vital interest in conditions that would 
alter the production of these plant products. Because of 
this relationship, a study concerning the effects of herb-
icides on nectar and pollen production is essential to a 
more thorough understanding of the effects of herbicides 
on honey bees. 
As mentioned previously, most of the chemicaJslisted 
in Table l demonstrated little or no immediate repellent 
effect~ on foraging honey bees. However, foraging acti-
vity on sprayed plants did eventually decrease at rates 
which varied with the chemical and plant species. Since 
the chemicals were not in themselves repellent, this de-
crease in foraging activity must be explained by the 
effects of the chemical on the plant, which in turn 
affected the rates of foraging activity. 
The herbicidal effects on plants that would most like-
ly influence foraging activity are those affecting floral 
structures and products such as nectar and pollen. There-
fore, a series of laboratory experiments was designed to 
determine the effects of two very dissimilar herbicidal 
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chemicals on nectar secretion and, to a lesser extent, on 
pollen production. 
The chemical 2,4~D was selected for investigation for 
the following reasons: (a) it is the most connnonly used 
herbicide; (b) its biological activity is representative 
of the large group of phenoxyacetic compounds; (c) more 
basic research has been conduct~d with 2,4-D in regard to 
its effects on plants than with any other herbicide; and 
(d) foraging activity is completely eliminated by the 
second day after application on most blossoming plants, 
and the reason for this pheno.menon should be determined. 
Amitrole was selected for detailed investigation not 
only because it exhibits chemical and biological proper-
ties completely different from 2,4-D, but also because 
bees forage extensively on plants that demonstrate ob-
vious symptoms of amitrole injury. 
These experiments have been divided into two distinct 
classes, namely, quantitative and qualitative effects on 
nectar secretion. 
However, before these experiments were designed, it 
was necessary to become familiar with the literature con-
cerning nectar and nectar secretion, translocation of 
solutes within plants, and the physiological responses 
of plants to applications of 2,4-D and amitrole. 
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Review of Literature 
Nectar and Nectar secretion 
Nectar is the sugary secretion of the nectar gland or 
nectary. It is usually associated with floral structures, 
although occasional plants possess extra-floral nectaries 
on stems, leaves, pedicels, or petioles (Fahn, 1952; and 
Lovell, l957b). 
The primary constituents of nectar, 1n addition to 
water, are glucose, fructose, and sucrose (Wykes, l952a 
and 1953; Beutler, 1953; Bailey!!~., 1954; Furgala et 
al., 1958). Modern methods of analyses, primarily those 
utilizing paper partition chromatography, have detected 
in addition to the three common sugars small amounts of 
maltose, melibiose, and raffinose 1n the nectar of several 
plant species (Wykes, l952a; Furgala et~., 1958). 
Naturally occurring substances other than sugars, which 
have been identified 1n micro-amounts include organic 
acids, basic substances, ethereal oils, gums, mucus, 
mannitol, dextrins, nitrogen and phosphorous substances, 
proteins, sucrose-splitting enzymes, and vitamins (Beutler, 
1953). Frey-Wyssling ~ al. (1954) have identified in-
vertase 1n the nectar of poinsettia (Euphorbia pulcherrima) • 
• 
Nectar from plants that have value as medicinal herbs 
frequently contains traces of drugs and related compounds 
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(Jones, 1947; Howes, 1949; Gruch, 1957). White and 
Riethof (1959) have isolated and identified the poisonous 
substance associated with the honey of mountain laurel 
(Ealm1a latifolia) to be acetylandromidol. 
The constituent sugars and the relative proportions 
in the nectar from any one species tend to remain constant 
(Wykes, 1952a; Bailey~ al., 1954; Furgala ~ ~·, 1958). 
However, the volume and total sugar concentration of 
the nectar secreted by any one plant is dependent on a 
large number of interrelated variables (saves, 1955). 
These include temperature (Kenoyer, 1917; Vansell, 1940), 
humidity (Scullen, 1942; Shuel, 1952), atmospheric or 
other pressure (Vansell, 1940; Shuel, 1952), soil water 
(Vansell, 1940), age of blossom (Beutler, 1953), nitrogen, 
phosphorous, potassium, calcium., or magnesium. nutrition 
(Ryle, 1954; Shaw,!.! al., 1957; Shuel, 1954, 1957, 1961), 
photosynthetic activity on the previous day and carbo-
hydrate supply in the plant (Vansell, 1940; Shuel, 1952; 
Wykes, 1952b; Pedersen, 1953), genetics (Shuel, 1952), 
previous extraction of nectar (Raw, 1953), and pollina-
tion or removal of stamens (Beutler, 1953; Ryle, 1954). 
The work of Bonnier (1878) on the anatomy and physio-
logy of nectaries is a classic presentation, and for many 
years it has remained the authoritative work on the 
subject. However, with the increased knowledge in 
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microscopy and biological chemistry, recent German invest-
igations have greatly elucidated the mechanisms concerning 
the process of nectar secretion. A complete explanation 
of the process, nevertheless, still remains in the realm 
of theory. 
Frey-Wyssling and Agthe (1950) determined that nec-
taries of the poinsettia are supplied almost exclusively 
with phloem elements, while nectaries of the Ranuncula-
ceae and other plants are supplied with both phloem and 
xylem. Agthe (1951) found that the nectaries of the lily 
Fritillaria imperialis were connected almost entirely 
with xyle.m tissue. The normal sugar concentration of 
poinsettia nectar varies between 50-70 percent. Sugar 
concentration in nectar of the Ranunculaceae approximates 
half this amount, while the concentration in Fritillaria 
is extremely low. Agthe (1951) therefore concluded that 
nectar concentration is a function of the ratio of the 
amount of xylem to phloem in the vascular supply of the 
nectary. A nectar that is characteristically rich in 
sugar is derived mainly from phloem sap, while dilute 
nectar contains a large quantity of xylem sap. 
Because of evaporation, the sugar concentration in 
the exposed nectary is always higher than that of the 
phloem sap (Frey-Wyssling and Agthe, 1950). They con-
clude that nectar represents, in a large measure, secreted 
phloem sap and that the process of secretion is closely 
connected with the process of sugar transport in the 
phloem. 
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Frey-Wyssling et al. (1954) determined from further 
studies that secretion by the nectaries in poinsettia is 
an active process, i.e., it is not .merely an exudation of 
phloem sap. The process can not be explained as simple 
osmosis. However, Shuel (1956), working with the excised 
flowers of snapdragons, observed that the nectar concen-
tration was always very similar to the concentration of 
the medium upon which the flowers were floating. He there-
fore concluded that active transport was not necessarily 
involved in nectar secretion by snapdragons. 
Ziegler (1955) reported the presence of acid 
phosphatase in the nectary tissue of the mallow, Abutilon 
striatum. During secretion, he also observed an increased 
oxygen up..take in the nectary tissue, thus indicating an 
active process. Based upon this and other information, 
he proposes the following explanation. The sucrose 1n the 
sieve-tube liquids is converted to hexose phosphates when 
it leaves these cells. After passing through parenchyma-
tous tissue, these phosphates are dephosphorylated 1n the 
glandular tissue of the nectary, forming simple hexose. 
At the same time, sucrose is synthesized by means of an 
invertase (probably transfructosidase) from this hexose. 
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This plausible explanation of sugar transfer, however, has 
not as yet been de.monstrated experimentally. 
Other experiments have shown that nectar has a much 
lower content of organic nitrogen compounds than the sieve 
tube liquids which supply the nectaries (Ziegler and 
LUttge, 1959). They also reported that the process of 
nectar secretion is not unidirectional. Glutamic acid 
labeled with cl4 was supplied to nectaries, and subsequent 
autoradiography of adjacent flower parts and leaves indi-
cated the presence of the label 1n these tissues, thus 
demonstrating the reabsorption characteristics of nectar-
ies. 
Translocation of Slstemic Chemicals 
As mentioned previously, the nectaries are directly 
connected with phloem and/or xylem elements. Modern re-
search has shown that the conductivity of these tissues 
is not so specific in regard to organic and inorganic 
substances as was once assumed. The characteristics and 
problems associated with phloem and xylem transport have 
been adequately reviewed by Zimmerman (1960) and Bollard 
(1960), respectively. Therefore, only a few pertinent 
facts from these reviews will be mentioned. About 90 
percent of the material translocated in the phloem con-
sists of carbohydrates, principally sucrose. Inorganic 
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materials are primarily translocated in the xyle.m, but re-
cent evidence also indicates some phloem transport. The 
xylem is the main water-conducting tissue. 
As noted before, nectar from various plants frequent-
ly contains drugs or toxins which are normally associated 
with other portions of the plant, such as roots, leaves, 
and stems. These materials become systemic within the 
plant; i.e., they are translocated by phloem and/or xylem. 
Upon reaching the nectaries they are secreted into the 
nectar. Instances of poisoning of bees and people from 
such nectar sources have been reported (Jones, 1947; 
Gruch, 1957). 
Similar circumstances have been created with the 
advent of the organic systemic insecticides, principally 
schradan and systox. Foliar applications of these mater-
ials are absorbed and translocated, thus rendering the 
entire plant toxic to many species of sap-feeding insects. 
Ahmed~ al. (1954) reported that systox was translocated 
in cotton only in the xylem. Thomas and Bennett (1954) 
noted that schradan is conducted primarily in the phloem. 
These chemicals, as would be anticipated from their 
systemic characteristics, have been secreted in various 
amounts into the nectar of treated plants (Johnsen, 1953; 
Jones and Thomas, 1953; Manke, 1955; Thomas and Jones, 
1955; Johansen et al., 1957; Palm.er-Jones et al., 1957). 
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These investigators generally agree that systox does 
not present a hazard to the bees when used at reconnnended 
rates. Schradan, however, does not share this universal 
approval. Johnsen (1953) reported that nectar from 
schradan-treated lilies killed bees up to 11 days after 
treatment. Jones and Thomas (1953) analyzed nectar from 
. -
a sohradan-treated white mustard plant and found intact 
schradan at a concentration of 21 ppm. 
Palmer-Jones et!!!• (1957) studied the effects of' 
commercial applications of' metasystox, a closely related 
chemical, on flowering chou moellier (Brassies oleracea). 
They reported a complete mortality of honey bees and 
bumble bees which foraged on the sprayed plants up to 
five days after treatment. If this hazardous systemic 
chemical must be used, it should never be applied later 
than two weeks prior to blosso.ming. 
Hull (1960) summarizes the information concerning 
translocation of systemic insecticides and herbicides 
as follows: 
:.Many organic substances applied to a plant 
are broken down to different metabolic products 
within the plant. However, an increasing number 
of recent studies (JD.Sde possible largely by radio-
chromatography) indicate that a significant por-
tion of most organic materials may be translocated 
within the plant 1n the same molecular form in 
which it was applied. 11 
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Effects~ 2,4-D E,£ Plants 
A tremendous amount of research has been conducted 
co.ncerning the physiological effects on plants of herbi-
cides in general and 2,4-D in particular. This litera-
ture has been thoroughly reviewed by the following authors: 
Crafts, 1953; Van Overbeek, 1956; Woodford et al., 1958; 
and Hull, 1960. Only the information pertinent to this 
study will be reviewed here. 
It is generally agreed that 2,4-D is, at least, par-
tially metabolized by the plant shortly after absorption. 
Evolution of 01402 after treatment with the chain-labeled 
compound provides conclusive evidence. However, ring-
labeled 2,4-D did not produce 01402 (Fang~ al., 1951; 
Weintraub, Brown, Fields, and Rohan, 1952). several un-
known metabolites of 2,4-D have been isolated and partial-
ly described (Holley, 1952; Jaworski and Butts, 1952; 
Fang and Butts, 1954; Fang, 1958). 
Presa.nee of cl4 in plant tissue after treat.ment with 
labeled 2,4-D does not indicate the presence of an intact 
molecule of 2,4-D. The cl4 becomes distributed among a 
variety of plant constituents, including acids, sugars, 
dextrins, starch, protein, and cell wall substances 
(Weintraub, Yeatman, Lockhart, and Reinhart, 1952). 
Cotton seedlings grown from seed of plants that had 
been treated with 2,4-D exhibited the typical symptoms of 
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2,4-D injury (Mc Ilrath et al., 1951). Spring growth from 
trees that had been sprayed with 2,4-D the previous summer 
also developed typical symptoms (Tullis and Davis, 1950). 
These authors concluded from their observaid.ons that 2,4-D 
persisted in plant tissues for many months. However, 
Eames (1950, 1951) and Tukey (1950) suggested that the 
dam.age was done to the embryonic tissues at the time of 
treatment or shortly thereafter, and it was not expressed 
until these tissues developed. In other words, these ob-
servations would be more properly interpreted as 11delayed 
expression rather than persistence. 11 Hay and Thimann 
(l956a and b) concluded that 2,4-D disappears rather rapid-
ly in bean plants. Very little could be recovered after 
four or five days from treatme.nt. Holley ~ al. (1950) 
reported that after one week only one-third of the original 
application remained as intact 2,4-D. 
However, as determined by chromatography, unchanged 
2,4-D was observed for at least five months in the tissue 
of overwintering two-year-old cherry trees (Weintraub et 
~., 1954). Smale and Daley (1958) have determined by 
chromatography and biological assay that some 2,4-D is 
absorbed and tra.nslocated in plants without detectable 
changes in its composition. 
Transport of 2,4-D is probably limited to living 
phloem (Williams et al., 1960), and rate of movement in 
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this tissue has been recorded as 10-100 cm per hour (Day, 
1952). However, the process of absorption from the out-
side of the leaf into the foliar phloem requires 40-60 
minutes (Day, 1952). The translocation of 2,4-D is depen-
dent upon an adequate supply of carbohydrate 1n the leaf 
and phloem. All available information indicates that is 
is a metabolic process rather than a condition of simple 
mass movement (Mitchell and Brown, 1946; Rohrbaugh and 
Rice, 1949; Weintraub and Brown, 1950; Garre.n et al., 1953; 
Hay, 1955; Barrier and Loomis, 1957; Burrows and Bonner, 
1958). 
It has recently been observed that translocation fro.m 
treated leaves is retarded in plants that are deficient in 
potassium and phosphorous (Rohrbaugh and Rice, 1956; Rice 
and Rohrbaugh, 1958). 
In spite of the large amount of research, the basic 
mode of toxic action of 2,4-D has not been determined. 
Although application of 2,4-D definitely inhibits photo-
synthesis (Wedding et al., 1954; Akers and Fang, 1956), 
starvation is not the ultimate cause of death (Weintraub, 
1953). 
After 2,4-D treatment, carbohydrate catabol1sm is 
greatly increased via the glycolytic and pentose phosphate 
pathways (Humphreys and Dugger, 1957; Fang et al., 1960). 
These observations explain the reduction in total 
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carbohydrates in treated plants, as noted earlier (Kling-
man and Ahlgren, 1951; Garren et al., 1953; Bruns, 1957). 
Various other abnormalities have been observed in 
2,4-D-treated plants, such as a reduction of amino acids 
(Livingstone et al., 1954); a general inhibition of res-
piratory enzymes (Switzer, 1957); a reduction of the free 
auxin content in terminal shoots (Lockhart and Weintraub, 
1957); initial increase in uptake of mineral nutrients 
followed by a very marked decrease within 24 hours (Cooke, 
1957); an increased growth of mitochondria (Key et al., 
1960); and a large increase in RNA and ATP (Key, 1960). 
Key (1960) concludes that 2,4-D induces both promotive 
and inhibitory processes in the plant. 
Physiologists, for the most part, have utilized seed-
ling plants for their research investigations concerning 
the effects of 2,4-D. very little information, therefore, 
is available concerning the effects of hormone herbicides 
on the flowering process in general or flower products in 
particular. 
Applications of 2,4-D at 100-500 ppm have been used 
to induce flowering 1n greenhouse sweet potatoes (Howell 
and Wittwer, 1955). Fall applications of 2,4-D (16 ppm) 
1n combination with naphthaleneacetic acid (100 ppm) de-
layed the spring blossoming of sour cherries from five to 
seven days and the resulting cherries,oantainad a lower 
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sugar content than norm.al. sweet cherries from sprayed 
trees were tough, fibrous, and insipid (Tukey and Hamner, 
1949). Salisbury (1957) reported that sub-lethal dosages 
of 2,4-D on cocklebur inhibited flowering regardless of 
period of application. Accidental spray drifting of the 
butyl ester of 2,4-D on sweetclover resulted in a shedding 
of the blossoms (Greenshields and White, 1954), and Pankiw 
-(1961) reports that 2,4-D drift on sweetclover drastically 
affected seed production. 
The sodium salt of 2,4-D was absorbed by the pollen 
of willow and hazel, but not by the pollen of alder 
(Lukoschus, 1955). He also reports that foliar applica-
tion of the same material on columbine, Aquilegia vulgaris, 
resulted 1n 2,4-D-contaminated nectar. This nectar was 
readily accepted by bees, and no toxic effects were 
observed. 
Effects of Am.itrole on Plants 
Amitrole is a relatively new chemical, and there is 
even less understood concerning its mode of toxic action 
than that of 2,4-D. The most obvious symptom of amitrole 
injury is the chlorosis of meristem.atic areas, usually 
within two days after application, as originally described 
by Hall et al. (1954). The percentage of the repression 
of chlorophyll in terminal areas is linear with respect 
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to the log of am1trole concentration when applied to the 
primary leaves (Minton et al., 1958). The entry, movement, 
and breakdown of amitrole 1n plants is very rapid. After 
five days only seven percent of the original application 
could be recovered as intact amitrole (Racusen, 1958). 
Ercegovich (1958) reported a ten percent recovery after 15 
days from treated quack grass; corn, radishes, beans, and 
spinach, which were growing 1n amitrole-treated soil, were 
found to be completely free of any amitrole residue. 
As was the situation with labeled 2,4-D, presence of 
cl4 in tissues of treated plants can not be interpreted 
as indicating the presence of intact amitrole. So.me 13 
different compounds were found to have derived cl4 from 
labeled amitrole (Carter and Naylor, 1960). 
A frequently mentioned metabolite is a glucose-
amitrole adduct, which appears to be relatively stable 
within the plant (Gentile and Fredrick, 1959; Harrett, 
1959). Massini (1959) reports the presence of another 
unknown, which he refers to as 11ATX 11 • He postulates that 
this material is 3-amino-l,2,4 triazolyl alanine. Racusen 
(1958) describes two unknowns, 11x 11 and 11y 11 , as being 
rather inert physiologically but possessing chemical struc-
tures similar to the parent am1trole. "Unknown compound 1 11 
of Carter and Naylor (1959, l96la) was the most abundant 
labeled metabolite 1n ... beans treated with cl4 labeled 
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amitrole. This material was described as a complex be-
tween amitrole and the amino acids glutam1ne and glycine, 
or possibly serine. It was very stable and therefore 
could not have been a protein or simple sugar complex. 
The authors suggest that it could be compound "X" of 
Racusen, but not "ATX" of Massini. Most of these chemi-
cals reacted positively with the reagents of Aldrich and 
McLane (1957) or Racusen (1958) for the detection of 
amitrole • 
.Amitrole and the resulting metabolites tend to ac-
cumulate 1n the meristematic areas, the same areas which 
possess the obvious chlorotic symptoms (Bondarenko, l957a). 
Translocation of amitrole from treated leaves followed the 
stream of photosynthates throughout the plant, even to the 
roots (Andersen, 1958). Harrett (1959) postulates that 
amitrole must first be synthesized by the plant into a 
transportable form before movement occurs in the phloem, 
but movement through the xylem does not require this 
synthesis. 
Rogers (l957a) concludes that the chlorosis of corn 
is due to a lack of chloroplasts rather than some effect 
on chlorophyll per se. Formation of plastid pigments is 
inhibited, but antbooyan1n formation is increased, accord-
ing to Miller and Hall (1957). Chlorophyll synthesis was 
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inhibited temporarily in various phytoflagellates (Aaron-
son and Scher, 1959). 
various other physiological effects such as the fol-
lowing have been observed. Rates of respiration in Canada 
thistle increased initially upon treatment, but decreased 
with time, depending on the concentration of am.itrole 
(Herbert and Linck, 1957). The discolored leaves experi-
enced an increase 1n free reducing sugars but a decrease 
1n invert sugars (Harrett, 1959). Amitrole has little 
.. 
effect on metabolism by beans of sodium bicarbonate, 
succinate, or glucose, but it had a striking effect on 
metabolism of glycine and serine which entered "unknown 
compound 1 11 of' Carter and Naylor (196lb). Aaronson (1959) 
postulates that amitrole inhibits the synthesis of' 
porphyrin-like compounds, particularly those containing 
iron. 
If amitrole forms a stable complex with glucose, as 
has been indicated, this adduct could conceivably render 
a considerable amount of glucose unavailable to the plant. 
Essential enzymes could also be blocked by the relatively 
inactive compound (Gentile and Fredrick, 1959). 
Canada thistles, when treated in the bud stage with 
radioactive amitrole, exhibited considerable label in the 
floral tissue (Bondarenko, l957a). 
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Aphids from similarly treated plants, when subjected 
to autoradiography, demonstrated a considerable amount of 
radioactivity which was undoubtedly obtained by the aphids 
from the vascular tissues of the plants (Bondarenko, l957b; 
Rogers, l957b). 
Effects of 2,4-D El! q~antity ££_ Nectar Secretion 
As reviewed in the literature, applications of 2,4-D 
drastically reduce the available amount of carbohydrate 1n 
the plant. In an effort to determine whether a plant 
affected by 2,4-D treatment would continue to secrete 
nectar, the following experiment was designed. Poinsettia 
(Euphorbia pulcherrims.- 1Barbara Ecke Supreme•) was used as 
the test plant in these and all subsequent nectar investi-
gations. Although poinsettia is usually not considered to 
be an economic honey plant (Vansell, 1944; Lovell, 1957a), 
it was selected as a test plant in these experiments for 
several reasons: 
a. It secretes tremendous quantities of nectar over 
an extended period of time. 
b. The nectar is readilf accessible, as the nectaries 
are exposed (Fig. 35). 
c. It will blossom at any time of year if provided 
proper photoperiod. 
d. It is propagated by cuttings, thus reducing genetic 
variation. 
Fig. 35. Poinsettia flowers. These nectaries secrete large quantities of 
nectar which can be conveniently extracted with a pipette. 
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e. It 1s conveniently adapted to greenhouse conditions. 
f. It is susceptible to 2,4-D and amitrole injury. 
Effects of 500 .~ of the 
sodium si!t !!£ '2',Zt-D- -
Methods. - Eight poinsettia plants approximately 18 
inches in height, just beginning to secrete nectar were 
selected for this study. Immediately prior to treatment 
all nectar was extracted by a pipette from all secreting 
nectaries. One milliliter of a solution containing 500 
ppm acid equivalent of the sodium salt of 2,4-D plus i 
percent TWeen 20 (as a wetting agent) was applied to the 
leaves of four plants. The remaining four plants serving 
as checks received no treatment. These eight plants were 
then placed 1n a small room 1n the greenhouse. 
Nectar was extracted daily for 10 days and measured 
in a volumetric pipette. The number of secreting nectaries 
was also recorded, and the data are reported in terms of 
m1crol1ters of nectar per nectary. Due to the variation 
between plants in the number of nectaries and therefore in 
the nectar-secreting potential, "microliters per nectary" 
presents the data more realistically than would "micro-
liters per plant." 
Results. - The results are recorded graphically in 
Fig. 36. 
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Fig. 36. Effects of 2,4-D on quantity of nectar se-
cretion in poinsettia. One ml of a solution con-
taining 500 ppmw acid equivalent of sodium salt of 
2,4-D plus i% Tween 20 was applied per plant. Each 
treatment was replicated four times. 
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Discussion. - The daily variation in amount of check 
nectar is not significant. It was caused primarily by 
fluctuation 1n periods of sunshine. 
It is very evident that 2,4-D drastically reduces 
nectar secretion. The reduction of available carbohydrate 
1n 2,4-D-treated plants in undoubtedly responsible for the 
termination of nectar secretion several days after applica-
tion. This cessation of nectar secretion provides an ex-
planation for the sudden reduction of foraging activity on 
most plants sprayed with hormone herbicides. If the nectar 
fro.m 2,4-D-treated plants would contain harmful materials, 
the opportunity for foraging bees to obtain such materials 
would last no longer than two days at a maximum. 
Effects of various Concentrations of 
the soafiiiii salt or 2,4-D -
The preceding experiment suggests the need for further 
investigations to determine the level of concentration of 
2,4-D which will inhibit nectar secretion. 
Methods. - Procedure was identical to that described 
in the first 2,4-D experiment with the exception that four 
concentrations of herbicide were tested, name2y: 5000, 500, 
50, and 5 ppmw acid equivalent of the sodium salt of 2,4-D. 
These plants were placed in a room in the greenhouse during 
the ensuing period of nectar secretion. 
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After the completion of this test, it was determined 
to repeat the entire experiment in a controlled environ-
ment chamber. Procedure was identical to that described 
above except that the plants were placed in an air condi-
tioned room where the temperature ranged between 68°-720F. 
The relative humidity fluctuated between 38-55 percent. 
The plants were supplied with a 10-hour photoperiod and 
700 foot candles of light intensity. 
Results. - The results for both series of tests 
appear 1n Figure 37. 
Discussion. - The test conducted under controlled 
conditions definitely resulted 1n more uniform amounts of 
nectar secretion in the check treatment. However, the 
other results are almost completely identical in both 
tests. These data substantiate the conclusions reported 
in the first experiment of this series. It appears, how-
ever, that concentrations of 50 ppmw and lower, when ap-
plied at the rate of l ml of solution per plant, do not 
significantly reduce nectar secretion. These lower con-
centrations actually appeared to stimulate nectar secre-
tion initially. A more closely controlled experiment 
~ 
would be necessary to determine the validity of this 
hypothesis, however. 
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F1g. 37. Effects of various concentrations (acid 
equivalent) of 2,4-D on quantity of nectar secre-
tion 1n poinsettia. One ml of the appropriate so-
lution was i;applied per plant. Each treatment was 
replicated four times. 
Top- Experiment conducted 1n the greenhouse. 
Bottom- Experiment conducted 1n controlled envi-
ronment chamber. 
113 
114 
It .may be concluded., when the size of the plant re-
mains constant., that the larger the amount of 2.,4-D applied 
to the plant., the more rapid is the cessation of nectar 
secretion. 
Nectar Re-absorEtion El ~L4-D-treated Plants 
As is evident from Figure 36., the check plants of the 
first experiment were still actively secreting nectar when 
the experiment was terminated., while the nectaries of the 
treated plants were co.mpletely void of nectar. The ques-
tion came to mind., Would nectar in the nectary be re-ab-
sorbed if the plant subsequently were treated with 2.,4-D? 
Methods. - These check plants were allowed to contin-
ue secreting for three days. By then all active secreting 
nectaries contained a considerable quantity of nectar. 
Without extracting this nectar., these four plants were 
each treated with one milliliter of 500 ppmw acid equiva-
lent of sodium salt of 2.,4-D plus! percent TWeen 20. 
These plants were placed in a room in the greenhouse and 
were observed periodically to determine whether the nectar 
would be re-absorbed. 
Results. - After 34 days of observation., the plants 
were al.most completely dead. Each nectary., however., was 
still filled with nectar. There was no obvious evidence 
of any re-absorption. 
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Discussion. - No further investigation was made, but 
it is concluded that sugar is not re-absorbed through the 
nectaries of 2,4-D-treated plants. 
Effects of Amitrole on guantit1 of Nectar Secretion 
An experiment was designed to determine whether an 
application of amitrole would affect the volume of nectar 
secretion in poinsettia. 
Methods. - Procedure was almost identical to that des-
cribed for the 2,4-D test. One ml of 500 ppm technical 
amitrole plus i percent Tween 20 was applied to each of 
four treated plants. Four untreated plants served as 
checks. Nectar was extracted, with few exceptions, every 
other day until the 38th day after treatment, when the 
experiment was concluded. 
Results. - The results are recorded graphically in 
Figure 38. All plants were still actively secreting nec-
tar when the experiment was terminated. 
Discussion. - Daily variations in amount of nectar 
secreted by the checks were due primarily to uneven 
periods of exposure to sunshine. 
Amitrole did not significantly affect the volume of 
nectar produced by treated plants. This is in direct con-
trast to the effects exhibited by 2,4-D and offers an 
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Fig. 38. Effects of amitrole on quantity of nectar 
secretion 1n poinsettia. One ml of a solution con-
taining 500 ppmw technical amitrole plus~ TWeen 
20 was applied per plant. Each treatment was rep-
licated four times. 
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explanation for the relatively high rate of forager acti-
vity on amitrole-treated plants 1n the field. 
If the nectar from amitrole-treated plants would con-
tain harmful materials, it appears that such nectar would 
be readily available to foraging honey bees for an ex-
te.nded period of time. It remains to be determined, there-
fore, whether such nectar is hazardous to bees. 
Concentration of Total soluble Solids in Nectar from 
Planfs Treated with 2,l-D and .Anirtro!e 
An experiment was designed to measure the concentra-
tion of total soluble solids (almost entirely sugars) 1n 
the nectar of poinsettia plants which received a heavy 
application of 2,4-D and amitrole. 
Methods. - To eliminate as many variables as possible, 
this test was conducted in the constant environment cham-
ber. Temperature ranged between 68°-72°F. and relative 
humidity between 45-60 percent. The nectar-secreting 
poinsettia plants were exposed to a photoperiod of 10 
hours at 700 foot candles of light intensity. All nec-
taries were completely extracted with a pipette immediate-
ly before treatment. Each of four plants received a foliar 
application of one ml of a solution containing 5000 ppmw 
acid equivalent of the sodium salt of 2,4-D plus i percent 
Tween 20. Four other plants were similarly treated with 
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one ml of a solution containing 5000 ppmw of technical 
amitrole plus i percent Tween 20. The four check plants 
received no treatment. 
Nectar samples were extracted daily. The nectar col-
lected from all nectaries of a given plant was combined to 
form the representative nectar sample for that particular 
plant. The percent concentration of the total solids for 
each sample was easily determined by use of a high range 
Bausch and Lo.mb Hand Refractometer. The test was con-
cluded on the 13th day after treatment. 
Results. - The mean percentage concentration of total 
soluble solids of the four replications in each treatment 
is displayed graphically in Figure 39. As expected, nectar 
secretion ceased entirely after the second day in all 
plants treated with 2,4-D. The second-day sample from 
these particular plants was also very meager. The check 
and amitrole-treated plants continually secreted ample 
amounts of nectar for analysis. 
Discussion. - The increase of the concentration of 
the total soluble solids in the nectar from the plants 
treated with 2,4-D is probably due to evaporation. The 
amount of sample collected on both days was considerably 
less than was collected fro.m the check plants. These 
smaller samples would be subjected to higher rates of 
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Fig. 39. Effect on the total soluble solids content of nectar from poinsettia 
plants treated with 2,4-D and amitrole, as measured by a high range Bausch 
and Lomb Hand Refractometer. 
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evaporation, thus increasing the concentration slightly. 
These increases are therefore not considered to be signi-
ficant. 
The nectar from amitrole-treated plants demonstrated 
no significant difference from the check. This signifies 
that sugar conce.ntration in nectar from amitrole-treated 
plants is the same as from untreated plants. It was pre-
viously determined that an application of amitrole did not 
affect the amount of nectar secreted by poinsettias. 
Based on these two facts, it is concluded that appli-
cations of amitrole do not result in any gross effects on 
nectar secretion. The possibilities of less obvious 
effects, such as contamination of nectar by systemic ac-
tion, will be investigated later. 
If capacity to secrete nectar is any indication of the 
free carbohydrate content within the plant, it would seem 
that amitrole does not significantly affect sugar meta-
bolism in treated poinsettias. 
Translocation of Herbi~ides into Nectar and Pollen 
Utiliz~ng cl -!abelea""'Compound~ 
The value of carbon-14-labeled 2,4-D and amitrole2 is 
readily apparent when considering the possibilities of 
translocation of herbicides into nectar and pollen. The 
2 For convenience, the labeled compounds are designated 
as 2,4-D* and amitrole*. 
121 
use of radioactive labeled chemicals has proved to be an 
indispensable tool in a great variety of translocation ex-
periments. However, as regarding any tool, it must be 
handled properly to produce the desired results. 
It was originally assumed that upon application of 
labeled syste.mic compounds, all resulting radioactivity 
within the plant represented translocated intact molecules 
of the originally applied chemical. It was soon discov-
ered, however, that most systemic organic compounds are 
rapidly metabolized, and the cl4 label may become incor-
porated in many compounds within the plant. caution con-
cerning che.mical identification is therefore demanded when 
interpreting the data obtained from such translocation 
studies. However, as reported in the review of literature, 
experiments utilizing radiochromatography have indicated 
that a significant portion of most organic materials may 
be translocated within the plant in the same molecular 
form in which they were applied (Hull, 1960). Neverthe-
less, carefully designed analytical techniques must be 
employed before any given source of translocated tracer 
can be positively identified as to chemical structure. 
Another possible source of error in interpretation is 
introduced by a common method employed 1n preparing plant 
tissue for analysis. This method consists of placing the 
plant in a press and drying it 1n an oven. However, 
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Pallas and Crafts (1957) observed that movement within the 
plant of mobile radioactive tracer was possible between 
the time of cellular death and complete dessication. 
Death of the cell renders it permeable, and free tracer 
can move along the hydrostatic gradients that are estab-
lished during drying. Radioautographs of such tissue will 
not present a valid picture of the position of the label 
at the time of harvest. This situation occurs most fre-
quently when periods of treatment consist of only a few 
hours. As treatment time increases, however, this arti-
fact becomes less significant. 
With these facts in mind, experiments were designed 
to determine whether 2,4-D* and amitrole* would be trans-
-located into nectar and pollen. 
Translocation of 21 4-D* from Foliar A,pp!ica-r!ons -
The 2,4-D* used 1n these studies was labeled on the 
acetic carbon (Cl2 06 H3 O C H2 cl4 OOH), and it was com-
pounded to contain l.O millicurie of radioactivity per 
millimole. 
Methods. - The general techniques of application as 
described by Yamaguchi and Crafts (1958) were employed 
with several modifications. They recommend applying the 
droplet of radioactive solution within a ring of lanolin 
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on the mid-rib of the leaf. The lanolin, however, proved 
to be phytotoxic when used on red clover and therefore was 
discarded. Phytotoxicity due to the herbicide and solvent 
was also reduced by applying the droplet to the entire 
leaf surface rather than confining it to a limited area. 
several species of nectar-secreting plants which are 
easily manipulated in the greenhouse were selected for in-
vestigation. These included the following: petunia 
(Petunia axillaris); snapdragon (.Antirrh1num majus- 'Jack-
pot'); red clover (Trifolium 2ratense- 1Kenland'); and 
poinsettia (Euphorbia Rulcherrima- 'Barbara Ecke Supreme'). 
All treatments of 2,4-D* were applied during the per-
iod of full bloom, because flower buds usually ceased de-
velopment upon application of this herbicide. 
Rates of application of 2,4-D* 1n these treatments 
,... 
ranged between i and 4 microcuries, usually depending on 
the size of the plant. 
Although the primary purpose of this investigation 
concerned nectar contamination, many of the plants were 
prepared for autoradiographic analysis. The floral per-
tions of these plants were severed at time of harvest to 
eliminate possible post mortality movement of tracer into 
these tissues. These plant parts were placed 1n a press 
and dried at an oven temperature of 600 c. When dry, they 
were mounted on 8"X 10 11 cardboard. Autoradiographs were 
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prepared by exposing Kodak Type AA X-ray film to these 
mounts for a period of seven days. 
Samples of nectar from the treated petunias, snap-
dragons, and poinsettias were extracted directly from the 
flowers with filter paper. The red clover nectar was ex-
tracted by centrifugation as described by Swanson and 
Shuel {1950) and then applied to filter paper. The nectar 
samples from poinsettia were obtained daily until cessa-
tion of nectar secretion. However, nectar samples from 
the other plants were obtained only at harvest. 
The pieces of filter paper after dessication were 
mounted on 8"X 10 11 cardboard and exposed to X-ray film for 
a period of 30-35 days. 
Results. - Several of the representative 2,4-D* treat-
'"' 
ments and corresponding radioautographs are pictured in 
Figures 40-43. 
In at least one instance for all species of plants 
tested, the nectar samples contained sufficient radio-
activity to produce an image on film after a 30-35-day 
exposure. Quantitative estimates of amount of radioacti-
vity from autoradiographs are at best only approximate; 
however, it did appear that nectar from plants receiving 
a higher dosage of 2,4-D* produced darker images on the 
film. 
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Fig. 40. Translocation of a foliar application of 2,4-D* 1n petunia. This 
and all subsequent autorad1ographs were exposed for a period of seven days. 
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Fig. 41. Translocation of a foliar application of 2,4-D* 1n snapdragon. 
Notice the amount of radioactivity translocated to the floral tissue. 
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Fig. 42. Translocation of a foliar application of 2,4-D* in red clover. In 
spite of the faint image 1n the autoradiograph, the nectar produced by this 
plant contained a measurable amount of rad1oact1v1ty. ,...., ro 
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Fig. 43. Translocation of a foliar application of 2,4-D* in poinsettia. 
Notice the accumulation of labeled material 1n the stamens, anthers, and 
pollen. 
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The autograph of the red clover plant displayed in 
Figure 42 indicates only a minimum of translocation; how-
ever, the nectar from this plant contained sufficient label 
to produce an image. 
Figure 43 indicates that the pollen in poinsettia 
flowers accumulated considerable label during the seven-day 
treatment period. 
Discussion. - The significance of this series of ex-
periments lies in the fact that foliar applications of 
2,4-D* to several species of plants do result in a labeled 
material being secreted into the nectar. conclusive evi-
dence also indicates that pollen incorporates labeled 
material. It can not be assumed that this radioactivity 
represents intact 2,4-D. Further analyses of these floral 
products is essential to determine the chemical source of 
this radioactivity. 
Translocation of 2,4-D from~ Nectarz 
Three previously extracted nectaries of a poinsettia 
plant were each supplied with 1 microcurie of 2,4-D*. 
~ 
These nectaries were each identified by inserting an in-
sect pin in the area of the stamens. Nectar samples which 
were extracted daily on filter paper from the non-treated 
nectaries, were dessicated, mounted on cardboard, and auto-
radiographed. After a treatment period of 20 days, the 
treated nectaries, surrounding florets, and leaves were 
removed, pressed, and mounted as previously described. 
This mount and resulting autoradiograph are pictured 1n 
Figure 44. 
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The samples of nectar from untreated nectaries were 
sufficiently radioactive to produce an image on X-ray 
film, and the autoradiograph 1n Figure 44 indicates con-
siderable translocation out of the treated nectaries. 
Nectaries are not unidirectional in regard to secre-
tion or absorption of 2,4-D*. 
Translocation of Amitrole from 
Foliar Applioatrons ~ 
The amitrole* used in these studies was labeled on 
number 5 carbon as follows: 
H l - N = C (NH2) - N = 114 H 
It was compounded to contain .95 millicuries of radio-
activity per millimole. 
Methods. - Methods were identical to those described 
for 2,4-D* except that an additional species of plant was 
-included 1n the investigation, namely Gladiolus sp. 
Because ~mitrole treatment did not cause a cessation 
of nectar secretion, many more samples of nectar were 
obtainable from the amitrole-treated poinsettias than from 
those treated with 2,4-D. 
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Fig. 44. Absorption of 2,4-D* by three treated nectaries and translocat1on 
to surrounding florets and leaves of poinsettia. 
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Fig. 45. Translocation of a foliar application of amitrole* 1n snapdragon. 
Only those florets which indicated radioactivity 1n the autoradiograph se-
creted radioactive nectar. ...., \>I 
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Fig. 46. Translocation 1n red clover of amitrole* applied just prior to full 
bloom. This plant secreted nectar which contained only a slight amount of 
radioactivity. ..... \>I 
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Fig. 47. Translocation in red clover of amitrole* applied prior to bloasoming. 
At harvest this plant yielded nectar containing a considerable amount of 
radioactivity. ..... \..>J 
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Fig. 48. Translocat1on of a foliar application of am1trole* 1n petunia. 
Flowers that develop subsequent to treatment contain considerable amount of 
labeled material. The stamens and pollen are especially radioactive. ..... \.>I 
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Fig. 49. Translocation of a foliar application of am1trole* on gladiolus 
into the lower flowers on a spike. Notice the radioactivity that accumul.ated 
in the anthers. Nectar produced by these flowers was also radioactive. ..... ~ 
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Fig. 50. Upper flowers and flower stem of plant pictured 1n Figure 49. 
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Fig. 51. Translocation into the bracts and florets of a foliar application of 
amitrole* on poinsettia. 
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The amitrole*-treated poinsettia plant which was pre-
""' 
viously described, secreted nectar of sufficient radio-
activity to produce definite images upon 30-day exposure. 
No images, however, were produced by samples collected 
later than 29 days after treatment. 
Discussion. - Plants treated with amitrole* definite-
""' ly secrete radioactive nectar. As in the case of 2,4-D*, 
this activity can not be assumed to be the originally 
applied chemical; a critical analysis of this nectar is 
essential to determine the chemical source of the label. 
If plants are treated before flower buds are open, 
the nectar appears to contain a larger amount of radio-
active substance. 
The nectar samples collected during the first two 
weeks after treat.ment in poinsettia appear to contain 
larger amounts of radioactivity than do the samples col-
lected after that time. 
Effect of Nectar from 2,4-D and Amitrole-treated Poinsettia 
~ Piant'soii Larvae or Aeaes aegypt1 
An experiment was designed to test the toxicity of 
nectar from poinsettia plants, previously treated with 
2,4-D and amitrole. 
Methods. - The methods of this test were similar to 
those described by Maurizio and Schenker (1957). 
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Two-day-old larvae of Aedes Aegypti were selected for the 
biological assay agent, as they are extremely sensitive to 
trace amounts of poisons (Burchfield and Hartzel, 1955). 
Four actively secreting poinsettia plants were sub-
jected to a foliar application of one ml of a solution con-
taining 5000 ppmw acid equivalent of the sodium salt of 
2,4-D plus i percent Tween 20. Four other plants were 
similarly treated with 5000 ppmw technical amitrole plus 
i percent TWeen 20. Four untreated plants served as 
checks. All functioning nectaries had been extracted 
innnediately before treatment. 
samples of nectar from individual plants were desig-
nated accordingly and stored separately 1n individual 
vials. 
The 2,4-D-treated plant ceased secretion after the 
second day, and therefore only two daily samples were 
obtained. Nectar fro.m the amitrole-treated plants was 
extracted on the second, fourth, seventh, tenth, and 
fourteenth days after treatment. 
It was desired to have the test medium as concen-
trated with nectar as possible 1n order to inte.nsify any 
toxic properties. Previous experience indicated that 
solutions containing sugar concentrations greater than 5 
percent by weight proved fatal to the mosquito larvae. 
This was undoubtedly due to the excessive osmotic pressure 
of the solution. Larvae, however, were able to survive 
sugar concentrations of 5 percent or lower. 
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In order to insure sugar concentrations no greater 
than 5 percent, it was necessary to formulate the test 
media at the ratio of .06 ml of nectar per one ml of dis-
tilled water. Sufficient nectar was available from each 
plant 1n most instances to allow the formulation of approx-
imately two ml of test media. 
Ten to twelve two-day-old Aedes aegypti larvae were 
introduced into these specially prepared media. After 48 
hours the mortality observation period was concluded. 
Results. - No significant mortality was observed in 
any of the treatments. 
Discussion. - It would appear that nectar from 2,4-D-
and amitrole-treated plants does not co.ntain any materials 
that would prove toxic to honey bees, since all nectars 
were completely non-toxic with regard to Aedes larvae. 
This indicates that continued foraging by honey bees on 
amitrole-treated plants would not present a toxic hazard 
to these bees. As determined previously, the period of 
nectar secretion by 2,4-D-treated plants is of such short 
duration that little opportunity exists for collection of 
the nectar. In spite of this, the nectar appears to be 
absolutely non-toxic to bees. It is therefore concluded 
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that 2,4-D and amitrole do not present a toxic hazard to 
honey bees in the form of nectar contamination. 
Biolo5ical tsaat EI the 11S_plit Pea-stem Test 11 of Nectar 
Secre e EJ:. a "2';2r-D-treated Poinsettia Plant 
Since nectar from a poinsettia plant treated with 
2,4-D* contained radioactivity, the possibility exists 
that such nectar could contain intact 2,4-D. Although it 
has already been determined that nectar from 2,4-D-treated 
poinsettia plants is not toxic to bees, it is nevertheless 
important to determine the chemical source of the above-
mentioned radioactivity. 
several chemical assay procedures based on colori-
metric determinations have been described in the litera-
ture. They are without exception exceedingly involved, 
and Hay and Thimann (1956a) claim that they are not speci-
fic for the determination of 2,4-D. They recommend the 
"split pea-stem test" as very specific for hormone herbi-
cides and also very convenient to use. The test is based 
on the differential growth in length between the epidermal 
and cortical cells in etiolated pea stems, as influenced 
by hormone concentration. 
Methods. - Six small poinsettias (less than 12 inches 
high) and six large poinsettias (between 18 and 24 inches 
high), which were actively secreting nectar, were indivi-
dually treated with one ml of 5000 ppmw acid equivalent of 
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the sodium salt of 2,4-D plus i percent Tween 20. All 
nectar had been extracted just prior to treatment. On the 
second day after treatment, the nectar from the small 
plants was collected and combined in one vial; likewise 
the nectar from the six large plants was combined in 
another vial. A very slight amount of secretion continued 
in several of the plants on the third day. This was col-
lected and combined 1n a single vial, regardless of plant 
size. Check nectar was obtained from several untreated 
plants. 
The pea stems were grown and prepared 1n accordance 
with the methods described by Leopold (1955). 
-
The four samples of nectar were diluted with dis-
tilled water 1n the ratio of l:24 (nectar:water). This 
provided about 20 ml of medium into which was placed four 
specially prepared and sliced etiolated pea stems. To 
provide reference material a series of standard concentra-
tions of the sodium salt of 2,4-D was similarly supplied 
with ate.ms. The stems were left 1n these solutions in a 
dark room for 24 hours, after which time the experiment 
was concluded. 
Results. - Stems portraying typical curvatures for 
each medium were removed and photographed shortly after the 
24-hour exposure period. These are portrayed in Figure 52. 
Fig. 52. Results of the "split pea-stem test" for 
the determination of physiologically active sub-
stance 1n nectar secreted by poinsettia plants 
treated with 2,4-D. 
A. distilled water 
B. 0.5 pomw acid equivalent sodium salt of 2,4-D 
C. 5.0 Tt 11 11 
D • 50. 0 " 11 11 
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E. nectar from untreated plants diluted with 
water at the ratio of 1:24 
F. nectar from small plants (under 12") collected 
two days after a foliar application of 1 ml of 
a solution containing 5000 ppmw acid equivalent 
sodium salt of 2,4-D plus~ Tween 20. Nectar 
was diluted with water at the ratio of 1:24. 
G. nectar from large plants (between 18" and 24"). 
Collection and treatment as described under F. 
H. nectar from large and small plants collected 
three days after treatment. Diluted with water 
at the ratio of 1:24. 
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Discussion. - As a result of the obvious inward stem 
curvature as exhibited by the pea stems which were placed 
1n the nectar media from 2,4-D-treated plants, it is con-
cluded that such nectar possesses a phytophysiologically 
active substance. It can not be assumed that this .mater-
ial is intact 2,4-D without further detailed investiga-
tions. However, this material is either 2,4-D per se or 
a physiologically active metabolite of 2,4-D. 
It is interesting to note, as indicated by amount of 
curvature, that the nectar secreted by the s.maller plants 
appears to possess more of this substance than the nectar 
from the larger plants. This is probably a function of 
dosage 1n relation to plant size • 
.Any quantitative determination 1n regard to the 
amount of this physiologically active substance present in 
the nectar would be purely in the realm of approxi.mations. 
No mathematical measurements of angles of curvature were 
recorded. These are necessary for any accurate quantita-
tive determinations. The significance of this test rests 
1n evidence that a physiologically active substance simi-
lar to 21 4-D or 2,4-D per se is present 1n measurable 
amounts 1n the nectar of 2,4-D-treated poinsettia plants. 
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Us1ns a Gas Flow Counter With a Micromil Window to 
- ""15eteriiirne Radioacflvi~y 1ii. Nectar ~ 
The autoradiographic method of nectar analysis is 
very inadequate, as it requires an excessively long period 
of exposure to produce a visible image. Weak sources of 
radiation are undoubtedly ignored completely. 
A Nuclear - Chicago C 110-B automatic sample changing 
system which utilized a gas flow counter with a micromil 
window was made available shortly after the conclusion of 
the previously described autoradiographic tests. It re-
cords the amount of radiation on the basis of counts per 
minute (cpm), as determined by the time necessary for the 
accumulation of 1000 counts. To provide statistically 
acceptable data each sample is counted twice. Time re-
quired for sample analysis is reduced to minutes rather 
than weeks, as is the case with autoradiography. 
Four poinsettia plants were each treated with four 
microcuries of 2,4-D*. Nectar samples were extracted with 
,..., 
a pipette from each plant for four days, at which time 
secretion ceased. These samples of nectar were transferred 
to planchets and counted. The samples contained sufficient 
activity to record approximately 230 cpm above background. 
This indicates that a considerable amount of radioactivity 
is translocated into poinsettia nectar. 
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.Another poinsettia plant just beginning to secrete 
nectar was subjected to a five-m1crocurie treatment of 
am1trole*. Nectar samples were extracted daily for 87 
"' days, at which time the plant ceased to bloom. These nec-
tar samples were transferred to planchets and counted. 
Sufficient radioactivity was present in most of these 
samples to record 15-25 cpm above background. The maximum. 
cpm over background was 34 on the fifth day; the minimum 
cpm over background was five on the 84th day. There were 
no obvious peaks of radioactivity de.monstrated throughout 
the entire 87-day period. 
These counts can not be designated as quantitative 
values because of the variation in daily amounts of se-
creted sugar. Nevertheless, it definitely establishes 
the fact that label is constantly being secreted in the 
nectar. 
These more accurate data not only substantiate the 
data accumulated by autoradiography, but also provide 
evidence or an extended period or label secretion which 
was undoubtedly overlooked with the autoradiographic 
.method. 
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Production of Nectar conta1ninfn:Sufficient Radioactivity 
- - for Efficient a"lysis 
For efficient analysis by radiochromatography it is 
essential to have the nectar sample contain as much radio-
activity as possible. 
The previous tests seemed to indicate that increasing 
the amount of applied labeled .herbicide, tended to increase 
the a.mount of radioactivity in the subsequently secreted 
nectar. Therefore an actively secreting poinsettia plant, 
after extraction of all nectaries, was subjected to a 
foliar application of 50 microcuries of 2,4-D*. Similarly, 
""' 
another plant was treated with 50 microcuries of amitrole*. 
Nectar samples were available fro.m the 2,4-])16treated 
"" plant for only a two-day period. However, the amitrole*-
treated plant secreted nectar for two weeks, at which 
time this test was concluded. 
Upon counting, it was found that the 2,4-D* nectar 
''"' samples were extremely radioactive, over 4000 cpm for the 
first day sample and over 2000 cpm for the second day 
sample. The am1trole* nectar samples, however, did not 
""' reach this degree of activity. Most of these samples 
""' 
collected during the first seven days demonstrated between 
200 and 350 cpm. The remainder of the sampling period 
exhibited a constant decrease in activity and the sample 
ot' nectar collected on the fourteenth day produced only 
75 cpm. 
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Increase in amount of applied 2,4-D* definitely re-
"' 
sults in more radioactivity in the nectar. However, an 
increase in amount of applied 2,4-D also results in a more 
rapid cessation of nectar secretion; thus the available 
sample of such nectar is definitely limited. 
Increase in amount of applied amitrole* also in-
" 
creases the amount of radioactivity in the secreted nectar, 
but to a .much lower degree than was demonstrated by 2,4-D*. 
More amitrole nectar samples are available, but unless a 
method for concentrating the radioactivity is obtained, 
the process of radiochromatography will be more difficult 
than for the nectar from the 2,4-D*-treated plants. 
Radiochromatography of Nectar sam,Eles from 2,4-D*- and 
Am1trole*-treated Poinsettia Plants ,.., 
In an effort to identify the source of the radio-
activity 1n nectar produced by 2,4-D* and amitrole*-treated 
" poinsettia plants, a series of chro.matograms was prepared, 
which analyzed portions of the nectar samples referred to 
in the previous experiment. Methods were similar to those 
described by Williams and Bevenue (1953). 
Nectar from 2,4-D*-treated Poinsettias 
Methods. - The samples of nectar used in this analysis 
were obtained from the plant which received a treatment of 
50 microcuries of 2,4-D* as described 1n the previous 
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experiment. A portion of the nectar from each sampling 
date was spotted on a sheet of Whatman Number l filter 
paper in addition to a spot of 2,4-D* solution as a stan-
dard. No attempt was made to be quantitative. This paper 
was subjected to ascending irrigation by a mixture of 
butanol: ethanol: water (4:1:l) for 24 hours. After dry-
ing, the paper was sprayed with an aniline-phosphoric acid 
mixture as described by Bryson and Mitchell (1951) for the 
detection of sucrose, glucose, and fructose. After heat-
ing at 70° C for several hours, these sugar spots were 
very evident. The sample strips were then cut out of the 
large sheet of filter paper. Each strip was cut in !-inch 
sections, beginning t inch below the origin and continuing 
to the front. Each segment was placed in a planchet and 
counted. 
Results. - The net number of counts per minute for 
each segment of the nectar chromatograms is presented as 
a histogram in Figure 53. The approximate center of the 
2,4-D* spot was determined; its location on the chrom.ato-
-gram is represented in the chart by a heavy vertical line. 
The approximate positions of the three constituent sugars 
are represented by the shaded areas. 
Discussion. - The samples from both days appear to 
contain the same labeled chemical. This chemical does not 
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Fig. 53. Location of radioactivity demonstrated 
by! inch segments of chromatograms of nectar samples 
from 2,4-D* treated poinsettia plants. The chromato-
gram was s~bjected to ascending irrigation for 24 
hours by a mixture of butanol: ethanol: water (4:1:1). 
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Fig. 54. Location of radioactivity demonstrated by } inch segments of chromatograms of nectar samples 
from am1trole* treated poinsettia plants. The 
chromatogram ~as subjected to ascending irrigation 
for ll hours by a mixture of butanol: ethanol: 
water (4:l:l). 
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appear to be connected in any way with the constituent 
sugars. The advancement of this chemical in the nectar 
samples is remarkably similar to that of 2,4-D*. If the 
" 
unknown compound is 2,4-D, the slightly less advanced posi-
tion could possibly be explained by the competition 
offered by the constituent sugars in the nectar samples. 
It has not been experimentally determined if this 
chemical is the same substance which induced curvature in 
the "split pea-stem test", as pictured in Figure 52. such 
information is essential for any absolute determinations 
of the identity of this unknown. The nectar samples should 
also be chromatographed with at least two other solvent 
systems before conclusive identification can be determined. 
However, in view of the results of biological assay 
and preliminary radiochromatography, it appears very prob-
able that nectar from 2,4-D-treated poinsettia plants con-
tains either 2,4-D per se or a very similar compound. 
Nectar from Amitrole*-treated Poinsettias 
Methods. - Methods were similar to those described in 
the preceding analysis. Three samples of nectar were in~ 
vestigated, however, namely, samples collected one day, 
two days, and a combination of the fourth and fifth days 
after application of the amitrole*. The irrigation period 
was limited to eleven hours. Before spraying the 
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chromatogram with aniline-phosphoric acid mixture, another 
reagent was sprayed for the detection of amitrole. This 
reagent was developed by Racusen (1958) and provides an 
immediate color reaction, which indicates the presence of 
molecular amitrole. The chromatogram was then sprayed 
for detection of the sugars. Strips were out, segmented, 
and counted as described previously. 
Results. - The net number of counts per minute for 
each segment of the nectar chromatograms is presented pic-
torially in Figure 54. The approximate center of the 
amitrole* spot was determined; its location on the chroma-
togram is represented by the heavy vertical line. The 
approximate positions of the three constituent sugars are 
represented by the shaded areas. 
The color reaction for amitrole detection was imme-
diately evident as regards the position of the amitrole* 
spot. However, none of the nectar samples produced a 
similar amitrole spot. 
Discussion. - No amitrole as such was secreted in 
these nectar samples. This is determined by two methods. 
The color detection test failed to indicate any amitrole 
in any of the nectar samples; and the Rf values for the 
significant amounts of radioactivity in these samples 
were much smaller than the Rf value for molecular amitrole. 
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Most of the significant amounts of label appeared at the 
same level as did the sugars. Whether the label is a con-
stituent part of a normal sugar molecule, or in the form 
of an adduct can not be determined by these data. The 
label could also have absolutely no connection with the 
sugar. It could be incorporated into any number of chem-
icals which possess Rf values similar to those of the 
sugars for this particular irrigation solvent. Additional 
radiochromatography using various solvent systems could 
elucidate these problems. 
However, one conclusion can definitely be drawn. 
Molecular amitrole is not secreted into the nectar of 
treated poinsettia plants. 
BENEFICIAL EFFECTS OF HERBICIDES ON APICULTUBE 
Apiaries are frequently located in areas where grass, 
weeds, or brush enclose the hive entrance and provide 
obstructions to normal bee flight. Briars and high weeds 
often hinder necessary bee yard operations. Keeping 
apiaries well-trimmed and neat results 1n better and more 
efficient beekeeping. 
Kennerly (1960) has recommended the use of TCA and 
dalapon for use in apiaries for general grass control. In 
view of the amazing tolerance bees demonstrate for TCA, 
this chemical would provide an excellent herbicide to be 
used in the apiary. The author has used various 2,4-D 
formulations and amitrole around his personal colonies 
with excellent results. It would seem that soil steri-
lants such as monuron and diuron would also find a place 
in apiary weed control. 
Applications are most efficient if made early in the 
season. Sprays should be applied at periods of low flight 
activity, and the spray should not be directed at the 
hive entrance. 
Herbicides are not all bad news for beekeepers. 
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SUMMARY 
The phenomenal increase in the use of herbicides has 
resulted in the elimination of many valuable honey and 
pollen plants. New areas of forage consisting of legumes, 
lindens, willows, etc. should be established where appli-
cable to replace sources thus destroyed. 
DNBP and TOA demonstrated a slight repellency towards 
foraging honey bees immediately upon application to blos-
soming plants, but the following chemicals were not re-
pellent: 2,4-D; 2,4,5-T; 50-50 brush killer; MOPA; 4-(2,4-
DB); 4-(MOPB); amitrole; and dalapon. Foraging activity 
ceased after two days in most plots sprayed with DNBP and 
the phenoxyacetic compounds, but it continued for several 
days at a reduced rate, varying with the chemical and 
plant species in plots sprayed with 4-(2,4-DB), 4-(MOPB), 
amitrole, TOA, and dalapon. several plots sprayed with 
amitrole recorded some activity two weeks after the orig-
inal application. It is therefore concluded that bees 
continue to forage, to some extent at least, on plants 
which have received applications of herbicides. 
DNBP, dalapon, and the ester formulations of the 
phenoxyacetic compounds, at concentrations normally used 
in areas of potential bee pasture, were very toxic to 
bees by direct contact action. These materials should 
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not be used on blossoming plants during hours of high for-
ager activity. Amitrole, TCA, and the sodium and amine 
salt formulations of the phenoxy compounds were toxic by 
direct contact action only at excessively high concentra-
tions. Bees were remarkably tolerant of even the highest 
of the TCA concentrations. 
DNBP was the only che.mical that was toxic by residual 
action. There is no hazard involved, however, because 
such concentrations in the field would soon render flowers 
unattractive to foraging bees. 
Amounts of amitrole residue on sprayed dandelion 
blossoms were found to be far below any that would be haz-
ardous to foraging honey bees. No residues were present 
in the blossoms of grape vines which had received regular 
applications of amitrole for four years. 
The amount of phenoxy compound required to cause 
death by oral application was much greater than would be 
encountered in normal field conditions. Although DNBP and 
amitrole demonstrated toxicity by oral application, it is 
doubtful whether foraging bees would obtain sufficient 
material to cause a significant reduction 1n the field 
force. In these tests, bees of similar age yielded smooth-
er mortality curves than did samples of bees of mixed ages 
obtained directly from the hive. The use of similarly-aged 
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bees is thus recommended to obtain less erratic toxicity 
data. 
Feeding technical amitrole and the sodium salt of 
2,4-D at 259 ppmw in four gallons of 2-l sugar syrup to 
colonies of Island-Hybrid bees did not produce any changes 
significantly different from check colonies. 
It is concluded that applications of DNBP, phenoxy-
acetic ester formulations, and dalapon, which directly 
contact foraging workers, present the only herbicidal 
toxicity hazard to honey bees. 
Applications of 2,4-D eliminated nectar secretion 
in poinsettia within two days. This probably explains 
the sudden cessation of foraging activity observed in 
field plots sprayed with the phenoxyacetic compounds • 
.Alnitrole treatments neither reduced the volume of 
nectar secreted nor changed the total soluble solids con-
tent of such nectar. 
Foliar applications of carbon 14-labeled amitrole 
and 2,4-D on several species of plants resulted in con-
siderable radioactivity being translocated into floral 
tissues, nectar, and pollen. Radioactive nectar was pro-
duced daily for 87 days by a poinsettia plant which had 
been treated with labeled amitrole. An increase in the 
amount of foliar-applied labeled chemical resulted in a 
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corresponding increase in the amount of radioactivity in 
the nectar. 
Nectar fro.m poinsettia plants treated with 2,4-D and 
amitrole was not toxic to larvae of Aedes aegy~ti, and it 
is concluded that such nectar would not be toxic to honey 
bees. However, the "split pea-stem test" indicated the 
presence of a phytophysiologically active substance in 
nectar secreted by a 2,4-D-treated poinsettia. 
The source of the label in the nectar from poin-
settias foliar treated with radioactive 2,4-D possessed an 
Rf value very similar to 2,4-D per seas determined by 
radiochromatography. 
Similar radiochromatographic methods on nectar from 
poinsettias foliar treated with labeled amitrole proved 
that amitrole per se is not secreted in the nectar. The 
chemical or chemicals possessing the radioactivity in 
these samples exhibited Rf values similar to those of the 
constituent sugars (sucrose, fructose, and glucose). 
The proper use of herbicidal chemicals for the elimi-
nation of grasses and weeds in apiaries results in more 
efficient beekeeping. 
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